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1 INTRODUCTION

The U.S. Department of Energy (DOE) is responsible for cleanup activities at the
Weldon Spring site under its Environmental Restoration and Waste Management Program, The
_major goals of this program are to eliminate the potential hazards to human health and the
" environment thaf are associated with-contamination and, to the extent possible, to make surplos
rezl property available for other uses,

The Comprechensive Environmental Response, Compensation and Liability Act
(CERCLA), as amended by the Superfund Amendments and Reauthorization Act {SARA),
requires that a Remedial Investigation/Feasibility Study (RI/FS} be performed to support the
decision-making process for evaluating remedial action alternatives. Remedial actions at the
Weldon Spring site have been divided into separate operable units (SOUs) to facilitate decision-
making. Currently, four 8OUs have been identified: (1) quarry bulk wastes, (2) the chemnical
plant site, (3) chemical plant groundwater, and (4} the quarry residuals area. (The quarry
residuals area comprises the quarry proper and surrounding vicinity properties, including
groundwater.)

To accomplish these goals, the DOE intends to conduct a comprehensive review and
analysis of physical, contaminant, ecolopical, and other factors leading to the potential
remediation of the quarry residuals area. These efforts will result in an RI report summarizing
the nature, extent, and magnitude of contamination as well as the physical properties and
characteristics of the area. The fate and transport of contamination must also be evaluated, The
FS and the baseline assessment (BA)} use data shmmarized in the RI to identify and evaluate
alternatives for risk reduction. The regulatory requirements are detailed in the Work Plan for
the Remedial Investipation/Feasibility Study-Environmenial Assessment for the Quarry Residuals
Operable Unit at the Weldon Spring Site (Work Plan) (ANL 1993).

The Work Plan summarizes the information necessary to fulfill these requirements for
the Quarry Residuals Operable Unit {QROU). The Quarry Residuals Sumpling Plan discusses
data requirements and details the investigations necessary to meet them. Data collected during
implementation of this sampling plan will be summarized in interpretive reports that support the
RI
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Section 2 of this sampling plan provides background information which describes the area
of investigation, site history, contaminant sources, and previous investigations. Section 3 gives
the physical description of the geology, hydrogeology, and ecology of the site. Section 4
summiarizes the active environmental investigations, Section 5 identifies data requirements, and
Section 6 gives the data quality objectives (DQOs). Sections 7, 8, and 9, respectively, detail
the hydrogeologic, contaminant, and ecological investigations to be performed. Section 10
presents quality control measures that will be implemented during investigations. Section 11
defines data interpretation and reporting requirements; Section 12 specifies the Health and Safety
Program,

1.1  Purpose

This document provides a site-specific sampling plan that includes rationale, procedures,
locations, and other details involved with the hydrogeclogic, ecologic, and contaminant
characterization of the quarry residuals for remedial investigation. The objectives of the
-sampling plan are to determine the radiological and chemical characterization of the air, soil,
sediment, surface water, and groundwater near the quarry; to characterize physical processes
governing mobility and migration of contaminants; and to provide information for
characterization of the ecology of the operable unit.

1.2  Scope

Characterization efforts for the QROU will be performed in three phases. Phase [
comprises those activities performed and/or initiated before the bulk wastes are removed from
the quarry. Phase II comprises the sampling that will be performed after the bulk waste is
removed. Phase I1T will fill in any remaining data gaps.

This sampling plan provides documentation for the implementation of the field work in
Phase I necessary to provide a characterization of the area outside the quarry proper. The
quarry residuals study area includes, but is not limited to, the area shown in Figure 2-2.. The
media to be evalnated for contamination are air, soil, sediment, surface water, and groundwater.
Ecological characterization activities will include vegetation surveys, herpetofauna surveys,
listed-species surveys, wetland determinations, and tissue-analyses of species known to occur at
the quarry area that may be consumed by humans or threatened or endangered species, and will
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allow a preliminary determination of ‘ecological risk. Physical characterization will include
instatlation of wells, sample collection and analysis, aquifer testing, and hydrological surveys.

The Contaminant Sampling Program (Section B of this plan) has been divided into two
subphases, IA and 1B, for surface water, sediment, and soil characterization, Groundwater
characterization need not be divided into subphases since it is essentially one continval effort.
Groundwater data will be available for Phase A reporting. No air monitoring other than that
specified in the Environmental Monitoring Program (DOE 5400.1) will be performed (see
Section 8.5).

The data collected from this and previous investigations will be used to evaluate past and
present conditions and to predict future impacts. Additional characterization (Phase II and
Phase [T} wili be performed following completion of quarry bulk waste removal. Additional
sampling plans will be developed to describe these efforts once they can be adequately scoped.
Any radiological or chemical data not collected during this investigation, but that is later
. determined necessary, will be obtained during subsequent efforts.

1.3  Flood Effects

Anomalously high rainfall in 1993 resulted in record flooding of the Missouri River
during the spring, summer, and fall. These conditions resulted in floodwaters of the Missouri
River repeatedly overtopping levees protecting portions of the quarry residuals study area.
While river stage has fluctuated in response to heavy rainfall, the system of levees along the
river south of the quarry, which normally serve to protect the St. Charles County well field and
Missouri Department of Conservation {MDOC) property from high water, have functioned to
contain floodwaters. Breaching and patching of the east levee was conducted in August 1o
promote drainage. However, invasion of the study area by flogdwaters after breaching and
patching has resulted in recontainment of floodwaters. Potential additional actions by
St. Charles County, the MDOC, or the DOE to manage contained floodwater have not been
determined as of November 1, 1993.

1.3.1 Schedule Impacts

The influence of flooding on the study area is difficult to determine at this time, -Impacts
from a planning perspective can be assessed from a limited standpoint relative to the amount of
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precipitation the Missouri River basin receives during late 1993 and early 1994. Assuming
normal winter and spring conditions, it may be reasonable to initiate sampling and other field
activities planned for flooded areas of the study area in mid 1994, - Excessive precipitation
during late 1993 and early 1994 could result in an-extended period of flood behavior for the
‘Missouri River basin and additional delays regarding residuals contaminant characterization .
efforts in the flood plain portion of the study area.

1.3.2 Routine Monitoring Impacts

Routine site environmental monitoring in the study area has been interrupted dune to
flooding. Since Tuly 15, 1993, a total of 26 monitoring wells and eight 5t. Charles County
production wells have been flooded and inaccessible at some time during this period. Most of
these wells are located south of the Femme QOsage $Slough and provide critical information for
well field contingency planning. It is not known when the floodwaters wilt recede sufficiently
te allow sampling of the affected wells to resume. Sampling of county production wells, as well
as treated and untreated water, has continued at an increased frequency as part of a-modified
monitoring strategy for this area. Monitoring results for this period -have been generally
consistent with historical data.

In September, a brief regression of floodwater allowed sampling of five monitoring wells
(MW-1017 through MW-1023) located south of the Femme Osage Slongh. Samples from these
wells were analyzed for uraninm using the site kinetic phosporscent analyzer (KPA). These
results, while they are considersd to be semi-quantitative, indicate conditions which are
consistant with historical data for these locations.

1.3.3 Potential Impacts

Visual observations of portions of the study area over the past months sugpest that silty
sediments and miscellaneous debris have been deposited in the study area by floodwaters. Itis
possible that contaminants from upstream sources have been deposited in the study. area by
floodwaters. Additionally, some areas may have been subjected to erosion during flooding,
resulting in redistribution of contaminants.
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1.3.4 System Recovery

When conditions permit, the Project Management Contractor (PMC) will assess affected
monitoring wells. It is estimated that sediment may have entered some wells through vent holes
and these wells will require redevelopment to obtain representative samples. Additionally, at
least two rounds of routine data should be examined to assess the appropriateness of initiating
more comprehensive analyses as part of the residuals characterization program.
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2 BACKGROUND

This section describes the quarry residuals study area, summarizes site history, discusses
gontaminant sources, and reviews pertinent investigations performed prior to the Quarry
Residuals Remedial Investigation (QRR1).

2.1  Site Location and Description

The Weldon Spring quarry is located between Defiance and Weldon Spring, Missouri,
about 48 kilometers (30 mi} west of St. Louis (Figure 2-1). Additional definition of the quarry
residuals study area is presented in Figure 2-2. The study area consists of the quarry basin and
surrounding areas. The 3.9 ha (9-acre) quarry was excavated into the limestone, bluff-forming
walls of the Missouri River floodplain. The relatively flat aliuvial floodplain extends southward
from the bluff to the Missouri River, with natural relief of less than 3 m (12 ft}. The
topography of the areas north of the quarry is rugged and characterized by valleys deeply incised
into the predominantly carbonate upland bedrock. The total relief approaches 30 m (100-ft).

Surface water resources of the study area include the Femme Osage Slough, Femme
Osage and Little Femme Osage Creeks, and the Missouri River (Figure 2-2). Water present in
a small pond in the quarry is currently scheduled to be removed and treated; this action will be
performed in support of quarry bulk waste removal and is described in further detail in the
Engineering Evaluation/Cost Analysis for the Proposed Management of Contaminated Water in
the Weldon Spring Quarry (MacDonell et al. 1989). Environmental monitoring has detected
contamination in the quarry pond and the Femme Osage Slough surface water.

Groundwater at the study area occurs in alluvial sediments associated with the Missouri
River and Femme Osage and Little Femme Osage Creeks, as well as in Paleozoic carbonate and
sandstone bedrock units, Nine production wells completed in the alluvium south of the slough
supply water to portions of §t. Charles County to a maximum capacity of 90 million liters/day
(mld) (24 MGD).

Other resources of the area include the diverse Weldon Spring Wildlife Area, a public-
use area which surrounds the quarry and is part of the study area, and the Katy Trail.
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2.2  Site History

The relevant history of the study area began in 1941 with the excavation of limestone
aggregate from the quarry to support Weldon Spring Ordnance Works (WSOW) construction.
The quarry was then intermittently used by the U.S. Department of the Army (DA) and the T.§.
Atomic Energy Commission (AEC) for waste disposal from 1942 to 1969, The lands
surrounding the quarry were also used to support the operation of the WSOW, with the Missouri
River alluvium supplying water used in the production of trinitrotoluene (TNT) and
dinitrotoluene (DNT). These lands were then transferred to the University of Missouri, which
operated an experimenta) farm from 1949 until 1978. Approximately 2830 ha (7200 acres) were
then sold to the Missouri Department of Conservation (MDOC), and the Weldon Spring Wildlife
Area was established.

The Weldon Spring Site Remedial Action Project {(WSSRAP) was creafed in 1984 and
a project office established in 1986. The environmental documentation process supporting the
removal of quarty bulk wastes was completed on September 28, 1990, with the issuance of a
Record of Decision (ROD). Additional historical infornation is presented in the Work Plan
(ANL 1993).

2.3  Contaminant Sources

Wastes placed in the quarry by the DA and the AEC comprise the primary contaminant
source for this investipation. These wastes consist of chemically and radioactively contaminated
soil, sludge, and debris, Table 2-1 presents a summary of historical waste disposal activities.
Additional information on the characteristics of the bulk wastes is available in the Remedial
Investigation for Quarry Bulk Wastes (MKF and JEG 1989a).

The quarry is a closed basin, and precipitation falling in the quarry that is not lost io
“evaporation and transpiration percolates through the bulk wastes. As a result, contaminants have
dissolved and migrated via groundwater to areas outside of the quarry perimeter, Environmental
monitoring and other characterization efforts have detected the presence of chemical and
radiological contaminants in soils, groundwater, surface water; and sediment. These areas may
represent additional contaminant sources once the bulk wastes are removed.

mweeraijoanheigoldkampigrep-02.aub 9
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TABLE 2-1 History of Disposal Activities at the Weldon Spring Quarry

ESTIMATED
WASTE TYPFE

1242 - 1945 | THT and DNT waste. - -

%]

1948 TNT and DNT wasta. "

1946 . 1957 | TNT and DNT residues and contaminated mibble from cleanup of the .- ..M
ordnance warks (in daapast part and in martheast corner of guarry].

1453 3.3% thorium residues (drummed; currantly balow water leval]. 150 200

4980 - 1883 | Uranium- and radium-oentaminatad cubble from demolivon of the 5t. Louis 38,000 50,0040
Destrehan Street fesd plant {cavaring 0.4 ha [1 acra] to a 3-m |20-1t] dapth
in dwepast part of guarryl.

1863 - 1966 | High-thorium-contant wasta [in northasst corner at quarry)."” 780 1,000

1883 - 1986 | Uranium and theriumn residuss frotn tha chemical plant and off-site facilities; - - - - ol
building rubble and process equipmant {both drummed and unéo rtainad}.

1968 3.0% thorium residuas (drummed, placed above water laval in northeast 480 St
carnet of quarryl; TNT residuss from sleanup of the ordnance warks (placad :
ta eovar the druma).

1348 - 1363 Uranium- and thafum-contaminated rubkla snd sguipment from intatiors of 4,600 &,000
some shamical plant buildlngs {107, 103, and 108].

—— e — ——== e
&) Hyphane indicats that the waste volume estimate ia not availalle.
i) An astlmated 90 tons of TNT/DNT wasta was disposed of in 1946,
(= This was a portion of the wasta originally stared st the Army arsanal in Granite City, Mlingis: most of this matarlal was

gubsequantly ramoved from the quarry for the purposs of racpvaring rare earth elaments.

Sourga: MKF and JEG 1989a

miusersijoannetgeldikampiorep-02.5ub 10
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2.4  Historical Investigations

The study area has been investigated by numerous entities since 1942. These
investigations can be summarized into two categories: (1} regional investigations and (2)
investigations specifically designed to evaluate the effects of waste disposal on the surrounding
area. The investigations relevant to this sampling plan are summarized in Table 2-2 and are
discussed in the following subsections.

2.4.1 Regional Investigations

ISGS 1944

USGS 1951:

JSGS 1983-1986:

This investigation focused on the problems associated with ordnance
works waste disposal in the area of the Weldon Spring Chemical Plant.
Results relevant to the quarry residuals effort included a general
description of the regional geology and the occurrence of groundwater and
surface water on the entire ordnance works (Fishel and Williams 1944).

The AEC authorized this investigation to evaluate the occurrence of
groundwater in the Weldon Spring area in support of location selection
and design of special structures contemplated by the AEC. ‘This report
summarized the geology, topography, and hydrology of the ordnance
works (Roberts and Theis 1951).

Several studies were performed during this period, refining the
understanding of the regional geologic and hydrogeologic setting.
Geochemical and contaminant analyses were performed, primarily in
support of investigations being performed at the Weldon Spring Chemical
Plant/raffinate-pit area.

rmiugarsteanneigoldiamplgrep-02 sub 11
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TABLE 22 Summary of Major Historical Investigations

CONTRACTCR®
LEAD AGENCY? {AUTHOR /REFERENCE} MaIN ACTIVITY
1844 A LEGS (Fighet and Williama} Regional geolegy and hydrology.
1951 AEC USG5 (Robert & Thais) Regional gectogy and hydralagy.
1860 - 1961 AEC USGS (Righardzon) Wall monitaring and aquifer teating.
1976 AEC HNLO (Pennak) Gaology and hydroganlogy.
1978 - 1977 AEC LD {Hyay) Well moratoring - groundwatar quality.
1878 - 1284 DOE L8 (BGA 1984) Goologio characterization and aguifer
tasling.
1982 - 1986 CoE BN iBN] 1985) Rajuwenating and installing mondtoring
walls; radiclogical auresy.
1383 - 1986 DOE USGS #leeschulte and Emmiettl | Ragionel hydropeology and summeary of
previous data.
1586 &t. Charlas County Layne-YWastemn Aquifar testing.
1988 DIOE ThA/Eberling Sadirnent and soil oheractarization.
1887 - 1991 DGE PRC (MEF and JEG 1388) Manltoring walls, water {avel oontour
MEBpE,
PP {MKF and JEG 1983901 Manitoring walls, It
FMC {MKF and JEG 1990a) Geotachnical hales, piezematers.
FMIC [MKF and JEG 19918, Wonitoring walla,
19810}

" Refer to list of acronyms aivd abbreviationsz,

Source: WMKF and JEG 1933s

milugersijnanneigoldkempigrap-02.sub 12
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2.4.2 Site-Specific Investigations

"US; -1961:

T6-1977:

LBL 197%-1981:

This investigation was performed at the request-of the AEC to evaluate the
hydrologic feasibility of using the quarry for waste disposal. Tests
included the installation of monitoring wells, pressure testing, and
pumping of the quarry sump. This investigation determined the
groundwater inflow rate to the quarry and established the tightness of the
bedrock below MSL {elevation 141 m [465 fi]) {Richardson 1960).

This investigation was performed by the National Lead Company of Ohio
(NLO) to provide data to assess the actions required to protect the
environment from the waste in the quarry. This investigation was the first
to identify that soluble contaminants were escaping from the quarry.
Monitoring-well installation, water-level monitoring, and water-quality
analyses were performed {(NLO 1978).

This study was conducted to investigate radionuclides (uranium) in fish
from the Femme Osage Slough under the DOE Monitoring Program for
1979 and 1980; it was performed prior to the opening of the area as the
Weldon Spring Wildlife Area in June 1980, MDOC personnel assisted the
NLO with the cellection of fish from the slough (NLO 1981).

Lawrence Berkeley Laboratory (LBL) performed a broad-based
investigation of the quarry area from 1979 through 1981 (BGA 1984).
This investigation included fracture mapping, air photo analysis of linears,
borehole television logging, borehole geophysical logging, aquifer testing,
soil sampling and analysis, groundwater modeling, a waste inventory,
field and laboratory gamma spectrometry, and soil sampling and analysis.
The information obtained from this investigation, particularly with respect

- to the hydrogeology of the study area, constitutes a substantial part of the

present conceptual model (LBL 1980).

musersyoannetgoldkampigrap-02.8ub 13
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BNI 1982-1986: Bechtel National, Inc. performed numerous minor investigations in
suppert of environmental monitoring and environmental impact statement
(EIS) preparation. Efforts included installing new, and rgjuvenating old,
monitoring wells; performing water quality analyses; and evaluating
previously collected data (BNI 1987).

Layne Western 1986: This investigation was performed by Layne Western for St. Chatles
County to evaluate the potential for radicactive contamination of the St.
Charles County well field. Monitoring and cbservation wells were
installed, pumping tests performed, water quality samples collected, and
an electric analog model constructed during this investigation. This study
provides information on the hydrogeological properties of the alluvial
aquifer (Layne Western 1986).

PMC 1987-Present: The Project Management Contractor (PMC) has initiated several
investipations to provide information regarding the geology of the study
area, to evaluate the extent and magnitude of the contamination, and to
enhance environmental monitoring efforts.  These investigations have
included soil and water sampling, monitoring well installation, and
geotechnical testing (MKF and JEG 1988; 19894, b; 1990a, b; 1991 a-d;
1992 a-h; 1993).

musersijoannaigaldkampigrep-02 . aub 14
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3 PHYSICAL DESCRIPTION

Section 2 of this plan presents a site description; in addition, the Work Plan for the
Remedial Investipation/Feasibility Study-Environmental Assessment for the Quarry Residuals
Operable Unit at the Weldon Spring Site (Work Plan) (ANL 1993) describes the site background
and seiting, climate, land use, and other physical information.

31 Geology

The geology in the vicinity of the Quarry Residuals Operable Unit (QROU) can be
generally divided into unconsolidated surficial material and bedrock formations. Figure 3-1 is
a generalized stratigraphic column for the area. Figure 3-2 is a generalized cross-section that
depicts the stratigraphic relationships in the vicinity of the Weldon Spring quarry and the Femme
Osage Slough.

3.1.1 Unconsolidated Surficial Material

Three major types of unconsolidated surficial material are present in the QROU study

+ Upland soils
¢ Tributary alluvium
« Missouri River alluvium

Upland soils are present on the bluffs formed by erostonally resistant Paleozoic bedrock
units. Upland soils are found at elevations higher than the quarry pond and are typically
composed of Pleistocene loess and residual material derived from the weathering of the surficial
bedrock formations. Surface soils are a brown to yellow-brown silty clay loam of the Menfro-
Harvestor-Welles Association (U.S. Department of Agriculture 1082), Upland material varies
in thickness from 0 to 12 m (0 to 40 ft) (BGA 1984).

Tributary alluvium of the Quaternary System is found within the study area. This
alluvium is located in the stream valley of the Little Femme Osage Creek, which dissects the

musersjoannsigoldkampigrap-03.sub 15
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upland area to the north of the quarry. These deposits may be quite gravelly in places, but
where the tributary adjoins the floodplain of the Missouri River, gravelly deposits are covered
by fine-textured silts and clays (Whitfield et al. 1989),

Quaternary alluvial deposits associated with the Missouri River dominate the study area
to the south of the quarry. Whitfield (1989) reports that these deposits include clay, silt, sand,
and pravel intermixed and interbedded. These deposits may exceed 38 m (125 ft) in thickness.
The upper third is usnally much finer in texture, and deposit coarseness increases with depth.
The upper third of the unit typically consists of silt, sand, and lesser amounts of gravel, whereas
the Jower third contains cobbles and boulders.

3.1.2 Bedrock Geology

The geologic maps of the Weldon Spring and Defiance guadrangles prepared by the
Missouri Department of Natural Resources-Department of Geelogy and Land Survey {(MDNR-
DGLS) (Whitfield et al. 1989) provide the best reference for the local stratigraphy and structure
of the bedrock units present in the vicinity of the quarry. Additional descriptions are provided
by Kleeschulte and Emmett (1987), Berkeley Geosciences Associates (1984), and MKF and JEG
{1992c).

3.1.2.1 Stratigraphy. The important stratigraphic divisions in the vicinity of the quarry
are primarily composed of rocks of the Ordovician System. In descending order, from youngest
to oldest, these rocks include the Kimmswick Limestone, Decorah Group, Plattin Limestone,
Joachim Dolomite, and St. Peter Sandstone,

The Kimmswick Limestone is the uppermost bedrock unmit at the gquarry and is
approximately 15 to 24 m (50 to 80 fr) thick, highly fossiliferous, medium to coarsely
erystalline, medium to thick bedded, and cherty near the base (Whitfield et al. 1989). The
Kimmswick Limestone commonly contains stylolites along bedding planes and is susceptible to
dissolution as evidenced by numerous cavities observed in outerop and boreholes {Huey 1978).

The Kimmswick Limestone unconformably overlies the.rocks of the Decorah Group.
The Decorah Group is about 9 m (30 ft) thick and is composed of tan to gray, finely crystalline
to lithographic, shaly limestone, It consists of thin- to medium-bedded limestones with
interbedded gray, clayey, fossiliferous shales. Additionally, the unit contains several thin, 7 10

miusersijoannatgoldkampiorsp-03.sub 18
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10 cm (3 to 4 in.) light-brown bentonite beds. This unit is usually peorly exposed in outcrop
(Whitfield et al. 1989},

The Plattin Limestone conformably underlies the Decorah Group, The Plattin Limestone
is 24 to 41'm (80 to 135 fi) thick and is composed of light- to dark-gray, finely crystalline to
lithographie, thin- to medium-bedded, slightly cherty limestone, The unit also contains burrows,
pitted texmure, and thin platy beds 7 to 10 cm (3 to 4 in.) thick (Whitfield et al. 1989). The
lower 1.5 to 3 m (5 to 10 ft) is sometimes found to be a brown dolomitic limestone which is
argillaceous and fine to medium crystalline. Whitfield et al. (1989) also note the existence of
enlarged solution joints in many places.

The Joachim Dolomite underlies the Plattin Limestone. The Joachim Dolomite is 18 to
24 m (60 to 80 ft) thick and varies from dolomite to calcareous dolomite. The unit is a light-
brown to light gray, finely crystalline, argillaceous, silty, and thin to massively bedded. The
upper portion varies from vuggy with irregular bedding to shaly (Whitfield et al. 1989).

The St. Peter Sandstone is approximately 30 m (100 ft) thick as noted by Whitfield et al.
(1989), The unit is a weakly cemented, well sorted, yellow-brown, reddish-brown to brownish-
white, medium- to fine-grained, well-rounded, frosted guartz sandstone of exceptional purity
(Whitfield et al. 1989, Koenig 1961).

3.1.2.2 Structure. The site is near the northerm extent of the Salem Plateau, a
subdivigion of the Ozark Platean Physiographic Province and near the southern extent of the
Dissected Till Plains of the Central Lowlands Province (Kleeschulte and Emmett 1987). Near
the site, topography is characterized by the steep slopes of dissected bedrock bluffs which form
the northern portion of the Missouri River Valley. Within a few kilometers to the north, the
topography changes to the gentle, rolling landscape typical of the Dissected Till Plains. This
physiographic transition nearly coincides with the commonly accepted southern extent of
Holocene continental glaciation.

Due to vertical crustal movement during the Paleozoic Era, rocks of the central Stable
Region, of which Missouri is a part, were deformed into broad basins and arches (Eardley
1962). Located sbout 6 km {¢ mi) west of the site is the northwest trending axis of the Eureka-
House Springs anticline (BNI 1987). Rocks on the northeast limb of this gentle fold strike
approximately N6OW and dip approximately 0.5° to 1° to the northeast. Approximately 7 km

mweerg\joannetgoldkampigrep-03.sub 19
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(4.3 mi) to the northeast an unnamed east-trending normal fault is present, This fault reportediy
exhibits about 18 m (60 ft) of vertical displacement with the north block down (Whitfield et al.

1989).

The site lies within the techtonically quiet, central stable seismic region. The New
Madrid seismic zone at the northern end of the Mississippi Embayment, located about 260 km
{160 mi) south of the site, is the nearest zone of major seismic activity (BNI 1983). No
evidence has been found of tectonic surface ruptures related to historic earthquakes in the area
{MKF and JEG 1992d}.

A fracture-mapping program conducted by Lawrence Berkeley Laboratory (LBL) (BGA
1984) determined a dominant vertical fracture orientation of N70W with an average spacing of
¢ m (30 ft}, Minor fracture sets were also found to be vertical, with orientations of N6DE and
N-S. LBL also identified potential conduits for fluid flow in the Kimmswick Limestone. Most
joints in the quarry wall were found to be open with apertures that varied from 2.5 c¢m (1 in.)
to greater than a meter. Clay fillings are present in many of the joints. Closely spaced joints
and fractures were observed in areas associated with gullies in the bluffs and probably represent
zanes of more intense weathering and solution activity associated with upland drainage. The
joint surfaces along the bluffs and on the quarry walls are typically etched, suggesting that these
surfaces have been in contact with groundwater at some time (BGA 1984).

3.2  Hydrogeology

The hydrogeology of the quarry area occurs in three primary domains:  alluvium;
fractured limestone, dolomite, and shale; and the St. Peter Sandstone (BGA 1984}
Additionally, unsatrated upland soils, the quarry pond, Femme Osage Slough, Little Femme
Osage Slough, and the Missouri River all affect the hydrogeotogical characteristics of the area.
The following sections briefly describe the important groundwater and surface water
characteristics of the study area. Additional information is provided in Kleeschulte and Emmett

(1987).
3.2.1 Alluvium and Upland Soils

Saturated conditions within Missouri River alluvium are generally encountered within the
upper 3 m (10 ft). South of the Fernme Osage Slough, proundwater is extracted from the

musersijoannaigoldkampigrep-03.aub 20
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allyvium by St, Charles County from eight productiﬁn wells. These production wells produce
90,850 m3/d (24 mgd) at peak demand (ANL 1990). In the vicinity of the well field, pumping
rates as well as river stages affect water levels.

. Upland soils are topographically higher than the quarry .pond,-which is the primary
contaminant source in the vicinity. Upland soils are generally not saturated and are not thought
to host substantial sources of contamination; however, upland soils do influence annual recharge
to waterbearing portions of the bedrock in areas where infiltration occurs.

The hydraulic properties of the alluvial aquifer are highly variable, depending on the
thickness and dominant grain size of the material at a given location. The material north of the
Femme Osage Slough possesses substantially different hydraulic preperties than the material to
the south. Development of cbservation wells installed north of the siough by LBL involved
extended recovery periods following pumping (BGA 1984). Pumping tests, tracer tests and a
point dilution test were conducted in the alluvium south of the slough (BGA 1984). Test results
are listed in Table 3-1.

TABLE 3-1 Hydraulic Properties Fstimated from Aguifer Tests Performead in the
Alluvium South of Femme Osage Slough

Tranermlsslvity Elfectve
Statistice {m*is) Storativity Porogity
Mindmum 1.2% 108 156 x 10" 0.25
M 1.0% 107 1.9 % 10° 0.32
Average 1.8 %107 7.9 % 107 -
Standard deviation 1.4 x 307 1.0 % 107

W Average and standerd devistion veluss were not calculated for effective perosity because of imited data.

Valuae calculatsd by ANL {1883) an the basis of data from Berkelay Gecsclonces Associeton {1284).

The groundwater flow potential from the southern portion of the quarry toward the
Femme Osage Slough has been well established. Groundwater levels in the alluvium near the
slough measure about 3 m (10 ft) lower than groundwater levels in the bedrock near the south

m:wesraijoanneigokdkampigrsp-03 .sub 21
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rim of the quarry. Groundwater flow south of the slough is affected by pumping and river
stage.

The relationship between the slough and groundwater levels is also variable. At low
river stages, the slough may act as a drain for groundwater; at other-times, groundwater in the
slongh vicinity may be virtually stagnant or may flow southeast beneath the slough. Recent
drought conditions demonstrated isolation of the slough from vicinity groundwater, as
groundwater Jevels south of the slough were 1.5 t0 2.4 m (5 to 8 ft) lower than water within the
slongh {MKF and JEG 1988).

3.2.2 Bedrock Hydrogeology

Near-surface groundwater occurs in the Kimmswick Limestone, Decorah Group, and
Plattin Limestone. This groundwater is in hydraulic connection with the quarry pond. Porosity
in the carbonate bedrock is primarily a function of fractures, joiats, bedding planes and solution-
enhanced cavities, and discontinuities. - Studies conducted by Richardson (1960), Huey (1978),
- and BGA (1984) confirm that groundwater movement is governed by secondary porosity in the
form of joints and fractures in the Upper Ordovician units near the quarry. BGA (19284) found
that solution-enlarged cavities occur in the near-surface weathered portions:of the Kimmswick
Limestone, but these features generally occur above the present groundwater table. Intergranular
porosity within the carbonate formations can essentially be ignored with respect to groundwater
flow and transport of contaminants, due to the lithographic namure of the rock.

Regionally, the Decorah Group is considered to be a leaky confining layer due to shale
beds (Kleeschulte and Emmett 1986). However, a fracture-mapping program performed by LBL
between 1979 and 1981 concluded that fracture patterns observed at the surface in the
Kimmswick Limestone extend vertically through the Decorah Group (BGA 1984). This
information, along with the knowledge that the quarry was excavated about 15 ft into the
Decorah Group, suggests that locally the Kimmswick and Decorah units may be considered to
be one hydrostratigraphic unit in the residvals area.

From vertical core logging performed in 1991, the Plattin Limestone appears massive
with very little evidence of fracturing, Presently, water levels within the Plattin do not appear
to correlate with the fracture system in the Kimmswick-Decorah units; therefore, the Plattin 1s
considered as a separate hydrostratigraphic unit. In a regional sense, the Plattin Limestone and

v sargijoannelgoeldkarpiorep-03 sub 22
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. ‘Joachim Dolomite constitute the lower portions.of the leaky confining. layer (Ordovician) as
described by Kleeschulte and Emmett {1987), and wells completed in these units may yield small
quantities of water 38-189 1/m (10-50 gpm) on a local basis.

The St. Peter Sandstone is the uppermost hedrock aquifer of regional significance beneath
the quarry, This formation is the youngest unit within the deep bedrock aquifer (Ordovician-
Cambrian) as described by Kleeschulte and Emmett (1987). The upper contact for the 5t. Peter
Sandstone may be as deep as 76.2 m (250 ft} in the area of the quarry. Potentiometric
conditions within the deep bedrock aquifer have been evaluated by Kleeschulte and Emmett
(1986, 1987). This evaluation indicates that the potentiometric head in the St. Peter Sandstone
is approximately 460 ft MSL. This elevation is just below that of the quarry pond prior to
dewatering (465 ft MSL). Flow within the St. Peter Sandstone near the quarry is generally
south toward the Missouri River; however, about 6.4 km (4 mi) southwest of the quarry, the
Femme Osage Creek is a local discharge point for deep groundwater where the 5t. Peter
Sandstone is exposed at the land surface. Withdrawals from this aquifer for drinking purposes
occur in the O’Fallon, Missouri, area approximately 16 km (10 mi) north-northeast of the
quarry, The vulnerability of the deép bedrock aquifer to contamination from wastes contained
in the quarry prior to bulk waste removal and residual sources is considered extremely remote
due to the thick sequence of intervening confining formations and the strong upward hydraulic
gradient present within the deep bedrock aquifer.

In the immediate vicinity of the quarry, details of groundwater flow in the bedrock have
not been completely defined. Groundwater level information analyzed by Richardson (1960) and
LBL (BGA 1984) concluded that flow in the upper bedrock was from nerth to south.

Figure 3-3 depicts the average shallow groundwater surface elevation for 1990 and 1991.
Figure 3-4 depicts the shallow groundwater surface for May 1990 when monthly precipitation
exceeded 25 cm (10 in.). Figure 3-5 is a difference map generated from Figures 3-3 and 3-4.
These maps illustrate general variations in the potentiometric surface due to seasonal influences.
The change in groundwater elevations south of the quarry pond and north of the Femme Osage
Slough indicates differences in hydraulic properties associated with the bedrock and marginal
allovium,

miuesrgijoannsigoldcamplarep-03.aub 23
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Pumping tests performed in the quarry by Richardson (1960) provided early evidence of
the hydranlic connection between the. pond and the Kimmswick Limestone and Decorah Group,
the nature of the groundwater gradient from the quarry to the Missouri+River alluvium, and the
potential for migration of contaminants from the quarry to the alluvium.

Richardson alse conducted limited pressure testing of-observation wells. The results
demonstrated a decrease in permeability with increasing depth., These tests were conducted in
the lower 8 m {30 f1) of the Kimmswick Limestone and the upper 9 m (30 ft) of the Decorah
Group.

LBL conducted pumping tests, a point dilution test, and a convergent flow tracer test in
wells completed in the upper portion of the Plattin Limestone. Testing may also have included
a portion of the lower Decorah Group. The results of these tests are presented in Table 3-2.
These tests characterize the bedrock below the aliuvium as a fracture flow sysiem with
predominantly horizontal fiow paths (MKF and JEG 198%a).

TABLE 3-2 Hydraulic Properties Estimated from Aguifer Tests Performed in the
Lower Decorah Group/Upper Plattin Limestone

Transmigeivity Effactive
Statietics ezl Starativity Porasity™
Mininurm 2.7 x 100 87 x 10" GO0
M axdraum 20%10% 2.E2x 107 Q.02
Aunrage 4.9 % 10% 6.4 x 1a* -
Standard doviation 5.6 x 105 1.3 x 107

fel Avarage and standard deviation values wara not calculated for effactive porosity bacause of limited data.

Valuss saloulated by AML {19831 on the basis of data from Barkaley Geosciences Association {1584].
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3.3 Ecology
3.3.1 Flora

* The quarry is located in the Bluestem Prairie Oak-Hickory Forest Mosaic subsection of
the Prairie Parkland Province (Bailey 1978). This area is characterized by dense to open
riparian woodlands interspersed with upland prairie. Today, much of the prairie has been
converted to agricultural fields, and remnants of the prairie in the state are rare (Missouri
Botanical Garden). There are no prairie habitats within the QROU area. Most of the land
around the quarry is State-owned property, including the 7,230-acre Weldon Spring Wildlife
Area, This area is actively managed for wildlife and includes various habitats such as forest,
streams, and agricultural fields (ANL 1990).

The quarry is primarily forest, with some old-field habitat. The quarry rim and
surrounding area are primarily slope forest and bottomland forest. A portion of the natural
pluff, with an elevation of 100 ft, separates the quarry rim and pond from the Missouri River
and floodplain located to the east. Slope forests located aleng the bluff include deciduous trees
such as ogks and hickories.

Disturbed roadside habitat is found along the Katy Trail adjacent to the quarry. In the
floodplain area, agricultural fields are maintained by the Missouri Department of Conservation
(MDOC) under share-cropping agréf:ments with portions left in the fields for use as wildlife
forage areas. Corn, soybeans, and milo are primarily planted in these fields,

Numerous aguatic habitats exist throughout the Weldon Spring Wildlife Area and in the
immediate vicinity of the quarry. These include the Missouri River, the Little Femme Osage
Creek, the Femme Osage Creck, the Femme Osage Slough, and numerous small unnamed
creeks, drainages, and ponds throughout the area. Bottomland forests occur along the aquatic
habitats and their drainageways and include tree species such as eastern cottonwood and
sycamore. Periodic flooding and fluctuations in the water level are also characteristic of these
areas and maintain the growth of flood tolerant species such as silver maples (Acer saccharinun)
and willows, A detailed description of ecological resources -in the vicinity of the QROU is
presented in the Work Plan.
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011994

3.3.2 Fauna

Fauna in the area surrounding the Weldon Spring quarry is rich and diverse. The area
is capable of supporting a variety of animals common to deciduous forests, agricultural areas,
and aquatic habitats, The Weldon Spring Wildlife Area is also actively managed by the MDOC
to maintain the natural rescurces within the area.

The MDOC reports 25 amphibian, 47 reptilian, 29 mammalian, and 299 avian species
in St. Charles County {Dickneite 1988). Many of the terrestrial vertebrates found within this
area are widely distributed species. Species that have been cbserved within the quarry pond area
include squirrels, raccoons, and deer mice. The surrounding area is managed for game species
such as the white-tailed deer, dove, and rabbit. Skinks and three-toed box turtles are found
among vegetation in the slope forest floor.

Aquatic habitats within the quarry area are also known to support a variety of fauna.
Waterfowl such as wood ducks and Canada geese have been sighted at the Femme Osage
Slough. Reptiles such as the red-eared slider, and soft-shelled turtle are found basking on logs
and debris within the slough, The MDOC has recorded more than 105 species of fish in St.
Charles County {Dickneite 1988). Fish surveys of the Femme Osage Slough have recorded
species including carp, channel catfish, buffalo, gar, sunfish, crappie, and a variety of minnows
and shiners (MDOC 1991a).

3.3.3 Special Concern Populations and Habitats

3.3.3.1 Threatened and Endangered Species. Several species classified as rare or
endangered are known to occur in St. Charles County and are listed in Table 3-3. No
designated critical habitat for these species is known to exist at the quarry {Haroun et al. 1991},
The nearby Howell Island Wildlife Area south of the quarry provides an important night roost
for overwintering bald eagles (a Federally endangered species). The pallid sturgeon
(Scaphirfynchus albus), a Federally endangered species, has been reported in the Missour River
near the Weldon Spring site. Two Federal Category 2 fish species have been recorded in the
Missouri River downstream of the quarry: sturgeon chub (Macrivbopsis gelida) and sicklefin
chub (Macrfrybopsis meeki).
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TABLE 3-3 Threatened, Endangered, or Special-Cancern Species Reported from 5t.

Charles County

musersijoanneigoldkamprigrep-03.5ub

30

Spacies
Commen Hame Scisntiflc Names Fadaral State”
Flante
Adder's-tengue fam Clpfingiassem valgaium var. pyenastichum - Wl
Arrow arum Feftendra virginica - R
Bupgesad Carispermum Ryssopifolium - L
Roes turtlehead Chefare obfigua var. speciosa ac E
Star duckweed Lemna tsuica - R
Decurrent false astar Eoftoria dacurrens E
Figh
Alabara ehad Alnsza afabamee - R
Alligator gar Lepisosious spatula - R
Brown bullbead Ameirys rebulasus - R
Paddlaflsh Profyodon spathola cz L
Pallid sturgean Secaphirhynchus glbus E E
Pugnossa minnow Notrapis enilise - wiL
Sicklefln chub Macrhybopsis meeks g2 R
Starhaad topminnow Findufis oispar . Wil
Sturgeon chub Mecrhybopsiz gelids cz R
Waatern sand darter Ammecrypla olars - WR
Raptiles and emphibians
Alligator anapping turtde Macrocfernys femminehil c2 R
Blanding"s turtla Emydoides blandingi - E
Eagtern massasauga Sizirurus cotenaius calenstus c2 E
Morthern crawfish Frog Rarme arenlats circwoss - Wil
Waxtarn fox snake Elgphs voiping vigpdta - E
Waztsrn smooth green snake Cpheadrys vernalis Blsnchard - E
Wood frog* Rana syfvalice - R
Mammals
Long-tailed weaeal Aluatala Frenats - R
Birdz
Arerican hittarn Botalrus fantiginosus - E
Bachrnan’s spariaw Airrophifa aestivaliz o E
Bald sagls* Haligeatus letieosaphalus E E
Barn awt Tyta alba - R
Black-arewned night haron NycHoorak nyoreorsx - R
Cooper's hawk Apcipitar cogpenii - R
Hensiow's sparrow Ammadramus hensiowi c2 R
Interier laaet tam Storna aniifarum sthelassos E E
Little blua beron Egrotta casrufes - R
Mizsisgipm kite Teiinia mHssizsIppiansis R
Naorthern harrder* Circus cymous - E
Qanrey Pendion Aalfaeius - EX
Peregrine faleon Folco poregripus E EX
Pied-gilled graba Podifymbitis padiceps - R
Rad-shouldered hawk Butan fneatics - WL
Luggerhead shrike* Lanius ludowefanus c2 Wi
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. TABLE 3-3 Threatened, Endangered, or Special-Concern Species Reported from St.
Charles County {Continued}

Spacies
Commaon Name Schntific Nama Fadaral Btate®
Birde {Continuad)
Sharp-shinned hawk Accipiior strighes - R
Snowy egret Egratte thiule - E
Upland sandpipar Bartromin fonglesuda - WL
Yallow-hasded blackbird Xanthovephalusz xanthoceohseius - R
Swaingon's hawk™ Buleg swaingomi 3C £

* E, endangered; T, threataned; C2, fedaral candidats far listing as a threalened or endangered spacies; 2C, former federat
candidate spacies. A hyphen indicates that no federal status has been establistedd.

B E, andangarsd: EX, extirpated: R, rare; U, undetammined; WL, watch list, Special-concern species include thoae dassified by
the atate as rara, on the watch list, or of undetarmined status. Watceh list containg species of pozsible concern for which the
Misacurl Departrment of Consarvation ia seaking further information; this listing doge not imply that thess speciss are
tnperlled. Undetermlned indicates that the gpecies is possibly rare or andangered, but ingufficient inflorrmation is available
to detanmine thae propsr status, Extirpated meanz fommerly ocourred s a regular bresding species but ne lopger reproducas
I Mlagoun.

* Indivigyeles heve been observed within tha Querry Residuals Area,

Sources: Dlcknelte (1988} Galnes [1988); Bedan [1981); Figg (1881},

miugersijoannaigoldkampigrsp-03.3ub 3 1
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The MDOC reports 15 State endangered, 17 State rare, and 10 State »special-concern”
species within St. Charles Counfy (Gaines 1988; MDOC 1991b). Of these species, the Cooper’s
hawk (Accipiter cooperii) and wood frog (Rana sylvatica), State rare species, have been reported
at the Weldon Spring Wildlife Area. The wood frog has been observed at the quarry pond and
. within deciduous forests to the north of the quarry (Johnson 1991}, The northern harrier (Circus
cyaneis), loggerhead shrike (Lanius Iudovicianus), Swainson’s hawk (Buteo swainsoniiy, and
bald eagle (Haligeetus lencocephalus) have all been observed at various times within the Welden
Spring Wildlife Area. The Blanding's turtle (Emydoidea blandingii), a state endangered reptile,
was recently sighted at the Busch Wildlife Area. The preferred habitat includes marshes, lakes,
and small streams. The status of the Blandings turtle in the QROU is not known.

3,3,3,2 High Quality Habitat. The MDOC has identified four high-quality natural
comumunities in the area of the Weldon Spring site (Gaines 1988). These communities include
a mesic forest and a dry-mesic chert forest located in the Weldon Spring Wildlife Area south
of State Route 94 near the chemical plant, and a very high-quality chert forest and a chert
- savannah located northwest of the quarry. These.communities are not contiguous with the
QROU area.

3.3.3.3 Wetlands. The following aquatic habitats near the Weldon Spring Quarry have
been designated as wetlands on the U.S, Fish and Wildlife Service National Wetlands Inventory
Map (FWS 1989): the Femme Osage Slough, Little Femme Osage Creek, Femme Qsage Creek,
and the Missouri River. These areas are subject to Section 404 of the Clean Water Act in which
protection of wetland areas is required under Federal law. According to Federal guidance
developed to make jurisdictional wetland determinations, three conditions tust be met: the
presence of hydric soils, saturated soil conditions for at least seven days during the growing
season, and presence of hydrophytic vegetation (FICWD 1989). While the slough was pari of
the Little Femme Osage Creek and the Femme Osage Creck systems until being dammed in the
1950s by the University of Missouri, it is classified as a man-made impoundment, this status
does not exclude a requirement for a wetlands determination or defineation.

mwssrsijoannstgoldkampiqrep-03.sub 32
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4 ACTIVE ENVIRONMENTAL INVESTIGATIONS

Environmental mounitoring, surveillance, and characterization -activities are conducted
at the quarry as required to comply with regulatory requirements and U.S. Department of
Enérgy (DOE) environmental protection policies established by DOE Ovder 5400, 1 and to ensure
the protection of the public.

Two types of information are collected and evaluated during environmential monitoring
activides: documentation (e.g., field notes, data gquality reviews) and analytical dama. The
information collected provides data to evaluate remedial efforts, public and worker safety, and
environmental protection,

All phases of data collection, analysis, and quality; guidance for developing data guality
objectives (DQOs) according to U.S. Environmental Protection Agency (EPA) Guidelines; and
data quality requirements (DQRsz) are addressed within the Envirenmental Data Administration
Plan (EDAP) (MKF and JEG 1992a). This includes sampling-plan preparation, data verification
and validation, database administration, and data archiving. The DQRs identify specific goals
that include precision, accuracy, and completeness and are standard in their application for
environmental menitoring. The EDAP is directed by the Environmental Quality Assurance
Project Plan (EQAP]P) (MKF and JEG 1992).

Standard Operating Procedures (SOPs) have been develeped to provide consistency in
sample-collection methodelogy and documentation of environmental activities, The SOPs
include procedures for the collection, identification, preservation, and shipment of samples and
for data quality review. They are issved as controlled copies, reviewed annually, and updated
as necessary to incorporate changes.

4,1  Environmental Monitoring Plan

Envitonmental surveillance activities, which include monitoring of surface water,
groundwater, radon, gamma exposure, air particulate, sediment, and meteorological conditions,
are updated yearly in the Environmental Monitoring Plan for -Colendar Year 1993
(MKF and JEG 1992b). This plan describes the applicable monitoring requirements, analytical
methods, quality assurance measures, and details and rationale for sampling frequencies and
analytical parameters.

miusersiicanneigoldkarmpiqrsp-04.sub 33
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The 1993 surveillance activities include the sampling of 13 surface water locations within
or near the quarry; samples from the Missouri River, the Femme Osage Slough, the Femme
Osage Creek, and the Little Femnme Osage Creek are collected routinely.- All locations are
monitered bimonthly for total nranium and at least annually for arsenic, barium, nitrate, sulfate,
pitroaromatic compounds, Th-228, Th-230, Th-232, Ra-226, Ra-228, gross alpha, and gross
beta.

The groundwater is monitored by a program designed to address applicable regulations
and standards, public concemns, and potential or actual impacts on human health and the
environment, Characterization has been provided thraugh the implementation of plans that were
approved by the DOE and the EPA and include sampling Jocations, procedures, equipment,
frequency and analysis requirements, minimum detection limits, and levels of quality
assurance/quality control. Currently there are 34 wells, including eight municipal production
wells, four county-owned monitering wells, and 22 DOE monitoring weils, which are screened
within the alluvial material between the quarry and the Missouri River. There are also 14 DOE
monitoring wells screened within the Kimmswick-Decorah or Plattin Formations te monitor
contaminants within the bedrock near the quarry. Three separate monitoring programs have
been developed for the guarry, each designed to monitor specific areas accerding to the levels
of contaminant impact, public concern, and regulatory guidelines, Tables-4-1, 4-2, and 4-3
summarize groundwater monitoring efforts,

The rationale for these monitoring efforts is not enly to ensure protection of public health
and the environment but also to provide information on the effects of quarry de-watering and
. bulk waste removal. Spatial and temporal trend analyses are performed as part of monitoring
data analysis (MKF and JEG 1992b). The rationale for baseline geochemical analyses is to
provide information to assist in interpretation of the interaction of groundwater with
contaminants and the surrounding environment as well as to evaluate potential contaminant
transport mechanisms (especially across the Femme Osage Slough) for the Quarry Residuals
Operable Unit (QROU) (MKF and JEG 1992b). These activities also support characterization
efforts.

mwsersijoannatgokdkampiqrap-0d.sub 34
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TABLE 4-1 Weldon Spring Quarry Groundwater Monitoring Program Summary for

1993
Radlological
Total Unaniurn Parsrnetors Mitrcararmatics Sulfate - emz:hamiaal
MW-1002 M A M Lt a
MW-1004 M A M LY | -
MW-1 005 M A M LY . a
MW-10606 ] A B B -
KMW-1007 B & B B -
- 008 B A B B -
hW=10039 B & B B -
MW-1010 a A Q Q -
MW-1011 Q A Q Q -
MW-1012 B A B g -
MW-1033 B A B B Q
MW-1014 B A B B Q
" Mw-101S B A B =1 -
MW-1016 B A g B -
MW 1017 B A a a -
WMw-1018 B A Q Q a
KW-10198 B A Q Q a
MW-1020 B A Q Q -
Mw-1021 B A aQ a a
MW.1022 B A Q r} Q
MW-1023 B A a Q -
MW-1024 & a* a (5] -
MW-1026 B A B B - "
MW-1027 M A M M - "
MW-1028 B A B B Q
MW-1025 B A B B -
WMW- 1030 ) A L] M -
MwW-1031 B A B B a
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TABLE 4-1 Weldon Spring Quarry Groundwater Monitoring Program Summary for
1993 (Continued)

T — — — ]
Radialoglaal
Total Urapium ParamataL Mitrgaromaticz Sulfate Gaochermival
WMW-1032 A B Q
MW-1033 -] A a Q Q
M- 1034 A B 1 a

* Grogg & anly quarterly
A Annually

B Blrmonthby

M Monthly

Q Quarterly

54 Serni-annually

Radiological Gress alpha, grose beta, Th-228, Th-230, Th-232, Aa-228, and Ra-228
Gaochemlesl Al, As, Ba, Ha, Br, Ca, Cd, Cl, Cr, Co, Cu, F, Fa, Ph, Li, Mg, Mn, Hg, Mo, Ni, P, K, Se, Ag, Ma, Sr, Sb, TL, W, Zn,
Fa*?, &0, MO, Si0,, sulfide, alkalinity, TDS, TOC, T3S

Saurce: MKF and JEG 1997b

4.2  Supplemental Environmental Monitoring Investigations

In support of environmental monitoring activities, under DOE 5400.1, the Weldon Spring
Quarry Supplementary Environmental Monitoring  Investigations Sampiing Plan (SMP)
(MKF and JEG 1992¢) was prepared to assist in assessing the extent of contamination.
Activities include shallow seismic and peophysical surveying to determine the bedrock surface
underneath the Missouri River alluvium between drill holes, in-situ groundwater sampling to
determine three-dinmensional distribution of contaminants, and instailation of wells for additional
groundwater monitoring,

Bricfly, the geophysical program proposed as part of the supplemental plan includes both
surface and subsurface techniques. Of primary interest to the QROU effort are:

» An electromagnetic survey to assist with the delineation of plume geometry within the
Missouri River alluvium.

miusergijoanneigoldkarnpigrsp-04 . sub 3(5
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TABLE 4-3 Weldon Spring Quarry Water Treatment Plant Groundwater Manitoring
Program Summary for 1993

Parametars

Monitaring
Locations
Total Radiclogical Anlons Matals Nitroaramatios PCBs PAH Peatickdes

Uraniurn

u
|

|l | |F ¥

MW-1025

WMW- 1036

MW-1037

MW-1033

o |e |p|e

| (> |» [»
Do |8 |a |&
o |lele e |a
| | |=|=

B | " |

M- 1039

A Annually

4] Guartaty

Rediglogical 238, Th-230, Th-232, Re-226, Rs-228
Anione Mitrate and sulfate

Matwis As, Ba, Cd, Ph, Cr, Hy, S8, Ag, Mg

PCEe Pulychlorinatad hiphanyla

PAH Polynuclear arsrmatics {SWE4S Mathad S 1084

Pasticidee  Endrin; Endans; methoxychlor; toxephena; 2,4-0; 2,4,5TF gilvax

Sourca: MKF and JEG 1382k

» Shallow seismic refraction to define hydro-lithologic relationships between alluvium
and bedrock to the south and west of the quarry.

Figure 4-} shows the geophysical survey locations. The investigation will rely on a
phased approach. Phase T will determine the feasibility of the proposed techniques relative to
the investigation objectives, and Phases Il and TIT will obtain progressively more detailed
information as conditions allow,

Tn situ, or discrete, groundwater samples will be taken at the 35 locations shown in
Figure 4-2. Approximately 200 discrete samples are planned. These one-time samples will be
collected from specific points, without installing permanent wells, in an-attempt to better define
contaminant boundaries for uranium, nitroaromatics, arsenic, and sulfate. Representative
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- samples from each geological environment will be collected along lines perpendicular to the
depositional trend of the alluvium using a groundwater sampler, such as BAT's Enviro Probe,
through a hollow-stem avger. Holes will be plugged according to ES&H Procedure 4.4.4.

Pending results from the in situ sampling and geophysical surveys, three additional weils
will be installed in the alluvium as shown in Figure 4-3. MW-1046 and MW-1042 are designed
to obtain information on the easterly and westerly extent of the contaminant plume and the

-vertical gradient; MW-1055 is designed to determine the easterly component and the vertical
gradient.

In addition to the alluvial wells, three wells will be drilled into the Plattin Formation as
depicted in Figure 4-3. The purpose of well MW-1044 is to obtain background chemical data;
MW-1043 and MW-1045 are designed to provide information on the extent of contamination.
All three will be used to add data on the vertical gradient within the Plattin Formation.

4.3  Remedial Investigation/Feasibility Study Integration

The data from the routine environmental monitoring and the SMP will be reviewed to
assess comparability with respect to the DQRs. Where appropriate, these efforts and the
information which will be obtained from these programs will be used to support characterization
efforts for the QROU and have been incorperated into this plan to minimize redundancy of
gffort; this plan addresses data requirements not covered by the above efforts.
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5 DATA REQUIREMENTS
5.1 Conceptual Model

- This conceptual model was developed by Argonne National Laboratery {ANL) (1993) to
detail sources, possible release and transport mechanisms, and potential receprors of
contaminants at the Quarry Residuals Operable Unit (QROU) following bulk waste removal.
The QROU includes material remaining at the quarry proper, the Femme Osage Slough, and
other vicinity properties as detailed in Figure 5-1. Further information is contained in Section
3 of the Work Plan.

As described in Section 2 of this sampling plan, the original source of contamination was
the bulk wastes placed in the quarry proper by the U.S. Department of Army {DA) and the
1.8, Atomic Energy Commission (AEC) from the late 1940s through the late 1960s. The bulk
wastes contained nitroaromatics, radiomuclides, and other contaminants which have migrated to
surrounding soils, surface water, sediments, and groundwater. Current sources of contamination
are considered to be material located at the quarry proper, soils outside the quarry proper, and
the water and sediment in the Femme Osage Slough.

There are two primary release mechanisms: (1) emissions of particulates and gases from
the quarry proper and vicinity properties and (2) percolationfinfiltration into the groundwater
from these same areas and the Femme Osage Slough. Surface runoff from contaminated soils
is considered a secondary release mechanism.

Potential receptors as envisioned by this model include a current or future visitor to the
quarry preper or surrounding areas and the slough, a current trespasser at the quarry proper, and
terrestrial or aquatic biota affected by one of the current sources.

5.2  Hydrogeological Data Requirements

Information required to support modeling and analysis of contaminant behavior for the
Remedial Investigation/Feasibility Study (RI/FS) process should generally include:

* Geoelogy, local stratigraphy, and structure
* Precipitation and evapotranspiration

mweaarsijoannalgoldkamplgrsp-06.sub 43
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+ Boundary conditions

Groundwater flow characteristics
Contaminant transport characteristics
Seasonal influences on flow and transport
Surface water/groundwater interaction
Contaminant concentration distributions

* & * B

Specific information requirements in ferms of physical parameters are:
* Saturated Flow

- Hydraulic conductivity (spatial distribution)
- Thickness of individual formations

- Starativity {(specific yield}

- Anisotropy {spatial distribution)

» Unsaturated Flow

- Capiltary moisture retention characteristics
- Water content
- Anisotropy (spatial distribution)

¢ Saturated transport

-  Effective porosity

- Bulk density

- Distribution coefficient (retardation factor)

-  Dispersion coefficient (longitudinal and transversc)

- Fracture characteristics (spacing, aperture, direction, continuity, orientation)
- Mineralogy

» Unsaturated transport

- Effective porosity
- Bulk density

mugarstjoanneigoldkamplgrep-05, sub 45
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- Mineralogy
- Retardation factors

The current level of understanding of the hydrogeclogy of the area is the result of
previous studies performed to address water resources issues-in the well field allyvium and waste
storage in the quarry. As a result, the conceptual mode] incorporates a substantial amount of
historica} data related to site hydrogeology. Data used to develop the conceptual model are
likely to be accurate because standard methods were used in the data collection and analysis.
Previous investigations are described in Section 2.4 of this plan.

5.3 Contaminant Data Requirements

Investigations involving chemical and radiological characterization for the QROU have
been performed. Routine monitoring of air, surface water, and groundwater is performed as
part of the environmental monitoring program required under DOE 5400.1. Sediment and
surface water sampling, as part of the Aquatic Biological Screening Investigation, is also ongoing
(MKF and JEG 1992b). A detailed description of all previous data collected for the QROU can
be found in the draft Work Plan (ANL 1993).

Data requirements have been identified, and information required to support
characterization efforts for the RI/FS process generally include:

* Nature and magnitude of contamination

« Spatial and temporal extent of contamination

* Background sampling of surface water, groundwater, soil, and sediment
» Contaminant transport characteristics

5.3.1 Nature and Magnitude of Contamination

Previous investigations have identified contaminants in the area outside the quarry proper.
However, additional information is required on contaminant types and concentrations. The
following information will be needed to refine the potential contaminants of concern- (PCOC)

list.

e Tdentification and verification sampling for contaminant types and concentrations.

mausersljosnnelgaldkampigrap-05 eub 46
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o Additional sampling for potential contaminants in order to determine mean
concentrations and coefficients of variation,

5.).2 Extent of Contamination

The spatial and temporal extent of contamination in the area outside the quarry proper
has not been completely defined. Specific areas which need to be addressed are as follows:

+ Spatial distribution of contaminants in surface water, sediment (Femme Osage Slough,
Little Femme (sage, and Femme Osage Creeks), and soil (north and south of the
Femime Osage Slough).

» Horizontal and vertical distribution of contaminants in groundwater. Information is
still needed for the alluvium, Deceorah Group, and Plattin Limestone. Additional data
are needed for the groundwater within the Decorah Group and Plattin Limestone due
east of the quarry proper, west and north of the quarry; and south of the slough.

* Spatial distribution of contaminants with depth in the Femmme Osage Slough. Because
seasonal stagnation has been observed in the slough, stagnant zones, which may be
caused by density differences or differences in any mixing, must be evaluated.

» [Information on the temporal distribution of contaminants in surface water and
groundwater, Temporal sampling is needed fo examine centaminant concentrations
and their relationship to surface water stage and groundwater levels in the vicinity of
the slough and creeks. If sufficient data are available, seasonal influences on
contaminant concentrations ¢an be assessed based on trend analysis of data.

5.3.3 Background Sampling

Previous background sampling is limited. In many cases, it is not site specific and is
‘only for a limited number of parameters. Results from previous investigations involving.the
Weldon Spring Chemical Plant have often been referred to for backgreund information.
However, site-specific information relative to the QROU is necessary. Background information
will be compared with site-specific data for contaminants.

m;wesra\foannaigoldkamplarsp-05.5ub 47



5.3.4

011994

Data requirements for background sampling include the following areas:

Information on a slough environment for both surface water and sediment
Alluvium soils

Bedrock groundwater information for the Decorah Group and Plattin Limestone
Additienal groundwater information from the Darst Bottoms alluvial wells
Sediment and surface water for the Little Femme Osape and Femme Osage Creeks

Information from background sources on temporal variations in contaminant
concentrations in surface water and groundwater

Contaminant Transport Characteristics

Information that must be gathered to examine the potential mobility/migration of

contaminants in the QROU includes the following:

* The effect of filtered vs, unfiltered samples for groundwater and surface water

Influence of size fraction, cation exchange capacity (CEC), and total organic carbon
(TOC) on contaminant distribution in sediment and soii

Correlation between contaminant concentrations in surface water with contaminant
concentrations in nearby proundwater monitoring wells

Correlation between contaminant concentrations in surface water with contaminant
concentrations in underlying sediment

The effect of potential redox reactions, ion speciation, system parameters (e.g., pH,
Eh, DO, temperature), etc. on geochemical transport phenomena :
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5.4  Ecological Data Requirements

Ecological data requirements at the QROU exist in two broad areas: 1) the
characteristics of aquatic and terrestrial biota in the QROU study area and 2) adverse
toxicological effects an this biota as a result of the contamination in-the quarry. Specific data
requirements will include:

* An inventory of terrestrial vegetation in the study area

* Ap inventory of the herpetofauna in the study area

A survey of endangered species in the study area

A wetlands determination

« Determination of bioaccumulation in biota in the study area

rciuawrsijoannaigaldkamplgrep-05 . seb 49
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6 DATA QUALITY OBJECTIVES

The data quality objective (DQO) process helps ensure that the right type and quality of
information is collected and that the study design efficiently supports the decision-making
process. DQOs have been established as part of the Work Plan and as-a part of the remedial
investigation process for the Quarry Residuals Operable Unit (QROLI). Refer to the Work Plan
for a complete explanation of the methodology used in determining the DQOs,

It should be noted that this sampling plan addresses only Phase I of the characterization
efforts, and as information is developed from the data, the DQOs shall be reevaluvated and a
second, more quantitative, approach for this unit will be formulated. This will allow Phase 1A
to refine the potential contaminants of concern (PCOC) list (see Section 8.2.1 for PCOC) and
establish baseline information from background sources for each media. Once this information
is obtained, the DQOs will be regvaluated prior to Phase [B and issued as part of the report for
Phase A, Any changes or additions to the sampling plan as a result of the more quantitative
approach to the DQOs will alsa be included in the report,

The parameters, analytical methods, and deiection limits have been selected as shown in
Table 6-1; however, it should be noted that for aquatic data purposes, detection limits may be
lower. Table 6-2 provides precision and accuracy guidelines.

TABLE 6-1 Parameters and Target Detection Limits for Weldon Spring Quarry

Residuals
WATER 501
Anelytizal
Miethod CL Unit DL Unit
Redicnuclides
Or-gite®
U-238, U-235, U-234 EFPA 2011 WA 1 pCifp
Ra-228, Ha-228 EFA 901.1 N& 1 pClig
Off-site™
Mat. uranium EFA S08.0° 1 peid 1 pCiig
1.5 podl 3 mghgs
Ra-228, Aa-228 EP& 803.1° 1 pCif 1 pCifg
Th-2390, Th-232 EERF 0007 1 pCia 1 pCilg
Gross alpha EPA A00.0° 3 pGia 3 pClig
Gross beta EPA 300,07 & pCli 2 plifg
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TABLE 6-1 Parameters and Target Detection. Limits for Weldon Spring Quarry
Residuals (Continued)

WATER S0IL
Annlytical
Method DL Unit DL Unit
M tanls
Aluminum CLP 200 wpA 20 mpikp
Antimany™ CLP B0l & moikp
Arganic CLP 10 A 1 mgfg
Barium CLP 200 pgA 20 mgikg
Eerylium CLP 5 pgll 0.5 mpkg
Cadrniuni,, CLP 5 wpll 0.5 maotky
Calclurm CL.F [=a[Ala R | 500 mg'kg
Chromiurn (1} CLP 10 il 1 mglkg
Chremlurm (Wi} 19 pall 1 mglkg
Cobalt CLFE a0 el & mgka
Copper® CLP 28 gl 2.5 mpkg
Iron CLP 100 el 10 mpgiky
Lead CLP 3 pgi 0.3 mgkg
Lithiurn EPA 200.7 80 pgll 5 mgikg
hagnesgium CLP B0 prll S00 mgrkg
Manganase CLP 15 gl 1.6 mgrkg
Mergury® CLFP G2 pgl 0.1 mghy
Waolybdanum EFA 2007 4 ugl 0.4 mgfhy
Mickal CLP 40 pall 4 mglkg
Potassium CLP SOHHY gl BA0  mglkg
Salanium CLP 5 ougdl G.5 mafky
Eilvar CLFP 10 wgf 1 mgikg
Sodium CLP SO00 gl 500 myglkg
Thalliurn CLP 10 waf 1 mgfkg
Yanadiom CLP 80wyl & maka
Zinc CLP 200 i 2 mgkg
Inorganic Anione
Choride EPA 300.0° 0,25 mpll B0 mofkg
RAuoride EPA 300.0° 0.25 mg/ 50 mgkg
Mitrata EPA 300.0° 0.28 gl B0 mgkg
Mitrite EFA 300.0° 2.25% mgil 50 mgkp
Sulfats EPa 300.0° 1.0 gl 200 makg
Mitroaromatios
1,3-DMNB Q.08 pgi 18 g™
2,4-DNT HPLC Q.03 pat & kg™
2, 6-DNT or 0.01 wgh 2 ppkp™
Nitrebanzeme Ge Q.03 wai 5 waig™
1,3,5-TNB 0.03 wgf & upikg™
TNT 0.03 wgh B pgkg®
Valatiles
Chloromathans LLP 10 g 10 wpfkg
Bromomathane CLF 10 ugh 10 paikg
Vinyl Chlorde CLP 13 g 10 wafkg
Chlorosthana CiF 10 wgfl 10 @ik
Methylena Chicrlda cieP 10 20 10wtk
Acatane CLR 10 ol 10 pgiky
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Parameters and Target Detection Limits for Weldon Spring Quarry

Residuals (Continued)

WATER S0IL
A nalytical
Method 0oL Lnit DL Unit
Caron Disulfide CiPF 10wk 10 wpkp
1.1-Dichlorosthens CLP 10 wal 10 wpikp
1,1-Qichtoroathans CLF 10 pgh 10 gokp
1,2-Dichigrosthana {totall CLF 10 wgd 10 xofkp
Chlorofarm cLF 10 wgn 10 kg
1,2-Dichloroslhans CLP 14 waf 10 wgka
2-Butanone CLP 10 wgfd 10 gk
1.1,1-Frighloroethana CLF 10 g 10 pakp
Carban Tetrachlaride CLP 10 gt 10 pafkp
Brormudichloramethana CLP 10 wgh 10 wpko
1.2-Dichtoropropans cLP 10 gt 10 wpikp
gig-1,3-Dichlaropropene CLP 10 g 10 poikp
Trichloreethena cLP 10 mgh 10 pakp
Dibramocharomathans CLF 10 gl 10 upikg
1,1, 2-Trichloroathano CLP 10 pgh 10 kg
Banzane CLP 10 gl 10 upig
trans-1,3-0lehloropropensa CLP 10 mat 10 pgfkg
Bromoforn CLFP 10 it 10 wplkg
4- Methyl- 2-pantanong CLP 10wyt 10 ppiop
2-Hexanone cLe 10 g8 10 paky
Tatrachlorosthena CLF 10 gafk 19 kg
Toluana CLF 10 wgh 13wk
1,1,2, 2 Tetrachloroathans cLE 10 uah 10 wpfkp
Chlorobanzans CLP 10 pgft 10 mkg
Ethyl Banzane CLP 10 wgh 10 wakg
Styraia CLF 10 wgh 10 wakg
Aylanea {total) CLP 0 wgh 10 pakg
Samivalatiles
Phenal CiF 10 wafl 230 pgikp
big(2-Chlaroethyl]ether cLe 10 waft 330 upkg
2-CHoropheanol CLP 10 wat 330 wpgig
1.2-Dichlorcbanzena ciF 10 wgh 330 potkp
1,4-Cichlerobanzens CLF 10 wgh 220 wptkp
1,2-Dichlorobenzehe cLe 16 wgil 330 ppikp
2-Methylphanol CLP 10 ugi 330 ugfkp
2, 2" -oxyhisl 1-Chloropropane)™ cip 10 wgl 330 upkg
4-Mathylphenol CiP 10 wgl 330 upka
M-Mitrogo-di-n-propylamine CiP 10 pgh 31230 ppkp
Hexachloraathane CLP 10 wgid 330 paka
Nitrobsnzene CLF 10 o 330 maka
lsopharona CLF 10 pal 330 aakg
2-MNitropheanol CLP 10 gl 330 pokn
2, 4-Cimathylphanol CiLP 10 ugA 230 ppiko
bial2-Chlarpathoxyimathane CLP 10 g 330 makp
3 4 Dichlorophenoli CLP 10 wal 320 agikp
1,2, 4-Trichlorobenzens CLP 10 wgl 330 mpka
Naphthalens CLP 10 wal 330 moka
mwearaijoanneigoldkampiarap-08.sub 52
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TABLE 86-1 FParamaters and Target Detection Limits for Weldon Spring Quarry
Rasiduals (Continued)

WATER S0IL
Analytical
Method DL Lnit DL Unit
4-Chioroaniline CLP 10 gl 230 wgikg
Hexachl srobutadiens!” cLe 10 gl 230 kg
4-Chioro-3-mathylphenot cLp 10wl 230 pofg
2.Mathynaphthal erne cLp 10wl 230 pokp
Hexachlorosyslopentadiens 't CLP 10 gl 330 pptkp
2,4 &-Trichloraphenaol CLF 10 gl 330 upikg
2,4 B-Trichloraphwnol CLP S0 gl 1700 pafkg
2-Chloronaphthalans CLF 10 wgh A30 Mg
2-Nitroaniline oLe B0 gl 1700 pofko
Dimethyphthalata cLF 10 wah 330 ppfkp
Acenaphthylena'® cLF 10 pgh 230 paikg
2,6-Dinitretolysne CiP 10 wgi 30 kg
A-NMitroaniline CLP S0 pgn 1700 poikn
Acanaphthane cLp 14 gl 230 ppig
2,4-Dinltrophenal CLP &0 il 1700 wpkn
4-Nitrophenol CLF L1 | 1700 wafkg
Dibanzofuran CLP 10 wgh 220 ypfikp
Z,4-Oinftrotolus s cLP 10 g 330 wafka
Dlethylphthalate CLFP 19 waf 330 wprhg
4-Chlorophenyl-pheny ether CLF 10 wad 330 ppikp
Fluorana CLP 10 wadl 2320 wpikap
4-Nitroaniline CLF S0 ugh 1700 poikp
4, 5-Dinitro-Z-methylpheanal CLF S0 ugh 1700 pgikg
M-nltrracdiphenylaming cLP 10 waft 330 ugika
4.Bromophanyl-pheryether CLP 16 gt 330 wgika
Hexachlorobenzens™ LLP 10 gl 330 wpp
Pantachlorophane!'® CLF &0 ugh 1704} ppikp
Phananthrena'? CiP 10 wah 330 kg
Anthracena®!! cLe 10 wgfl 30 pgkg
Cathazole CLF 18 g h 230 ppkp
Di-rebutylphthalate CLF 10 il 330 pptkp
Fluoranthene® CLP 10 g 120 pakp
Pyrane'® CLP 18 gh 330 ppkp
Butylbanzylphthalata ClP 10 wgl 120 wpgikp
3,3"-Dichlerchanzidine CiP 100 wgt 130 pgikp
Benrolaanthracenat’ CLP 10 walt 330 wakg
Chrysana CipP LLERT T 330 pgig
blet2-Ethyihesd phthalate cLp 10 g 330 wgkp
Dl-rraatylphthalate CiP 10 wal 330 wgikp
Banzelkiflueranthans™ CLF 10 wgi 330 ok
Benzolk}Mluaranthene CLP 100 320 kg
Benzolalpyrens CLP 100 wglt 330 wpokp
indanol1, 2, 3-ed]pyrens CLF 10 pwgh 330 wpikn
Dibenzla,h) anthras sne™ CiF 10 pait 330 wpikag
Banzolg, b,i paryiene CLlP 10 wgh 330 wrgikag
Pasticides/PCBs
alpha-BHC CiLp 0.08 ugh 1.7 prokp
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TABLE 6-t Parameters and Target Detection Limits for Weldon Spring Quarry

Residuals {Continuad}

WATER S0l
Analytioal
Mathad DL Unit GL Unlt
bwta-BHE CLP 0.05 wgfl 1.7 mofka
dalte-BHE " LLP 0.05 pa 1.7 apkg
garmma-BHC [Lindans) CLP Q.08 wgil 1.7 kg
Heptachlar? CLP .05 pal 1.7 oo
Aldrin™ CLP 005 wgi 1.7 pafka
Haptachlor epoxida™ CLF Q.05 wgf 1.7 wakg
Endosulfan | CLP .05 wal 1.7 pakg
CHaldrin™ ol a1 wal 3.3 pakq
4,4'-00E™ CLP a1 wpgi 1.3 pohkp
Endrin! CLP 0.1 wgl 3.3 pokg
Endosuifan || CLP 2.1 gl 3.2 ppikp
4,4"-00D" cLP a1 wgl 3.2 ugkg
Endosulfan sulfate CLP &1 wpgi 3.2 kg
4.4'-0oTr CLP 0.1 pgf 2.3 kg
Mathaxychior cLP 0.5 ugi 17 pofka
Endrin katona ZLP 0.1 wgAd 3.3 wpikg
Endrin aldahyde CLP .1 pgh 1.2 mokp
alpha-Chierdans CLP Q.05 wgh 1.7 maka
gartna-Chlordanes CLP G055 wal 1.7 pofkp
Toxaphena? CLP 5 gl 170 ppikp
Aroclor-1016 CLF 1 waf 33 ugkg
Araclor-1221 CLP 1 pad 33 pofka
Aroclor-1232 CLP 2 pgh &7 potkn
Arcclor-1242 CLP 1 wall 23 mofkn
Arcalor-1248 CLP 1 wgh 22 kg
Aroclor-1254 CLP 1 paf 22 wakp
Araglor-1 280 CLP 1 pal 33 pgika

In-hours laboratary; for scregning purposas cnby.
Contraoted laboratory.

Praviously known as big[2-Chloroisoprophylh sther,
Or souivalent method.
I* Syubject to lower dedection limit for aquatio deta purpossea.

"EZEZ2E
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7 HYDROGEOLOGIC INVESTIGATIONS SAMPLING PROGRAM
This section describes the activities which are proposed to satisfy the data requirements
identified in Section 5.2 of this plan regarding geological, hydrological, and physical
information, including justification, rationale, methods, and-locations for tests and sample
collection. These efforts focus on the physical characterization of the Missouri River alluvium,
tributary alluvium, and bedrock formations of the Upper Ordovician System, as well as selected
meteorclogical parameters.

Seven major activities, identified herein, constitute the Hydrogeological Investigations
Program for the Quarry Residuals Operable Unit (QROU). These activities are:

¢ Drilling of § vertical boreholes and 3 anglad boreholes.

s Fracture mapping.

o (Collection of geological samples for physical and mineralegical characterization.

¢ Laboratory testing of geological samples for physical and mineralogical parameters.
* Aquifer testing.

» Hydrological surveys.

Meteorological monitoring.

The activities detailed in this section will be coordinated to the extent necessary with the
sampling activities described in Section 8, with supplementary environmental monitoring
investigations being performed in compliance with DOE Order 5400.1 (MKF and JEG 1592c),
as described in Section 4 and with hydrologic monitoring activities being performed in support
of bulk waste removal and quarry pond dewatering. For example, proposed monitoring well
locations have been selected to satisfy data requirements identified in Section 5, and drilling
associated with well installation will be utilized to characterize the site hydrogeology. Drilling
techniques and monitoring well construction are described in this section, Coordination and
integration with relevant site environmental monitoring activities are discussed in Section 4.
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7.1  Drilling

Eight vertical boreholes and three angled boreholes are proposed at locations depicted in
Figure 7-1. The locations of the vertical holes correspond with contaminant data needs, and
these holes will be completed as monitoring wells, Geological and hydrological information will
be obtained during the drilling of these holes to determine lithologic characteristics, rock quality,
permeability, and formation thicknesses.. Table 7-1 summarizes information regarding each
proposed borehole.

Two additional monitoring wells (MW-1047 and MW-1048) are proposed to be completed
in the marginal alluvium north of the Femme Osage Slough. These wells are intended to
provide additional information on contaminant distribution to the south and west of a knnown "hot
spot” of groundwater contamination centered near existing well MW-1009.

One additional monitoring well (MW-1054) is proposed to be completed in the alluvium
south of the Femme Osage Slough, appreximately midway between existing wells MW-1019 and
MW-1018, This location is intended to provide additional information on contaminant
distribution south of the Femme Osage Slough.

Four additional monitoring wells are proposed for the Plattin Limestone. MW-104% and
MW-1050 are intended to provide information on potential vertical pathways in this geologic
formation at locations immediately south of the quarry. MW-1051 is collocated with MW-1013
and MW-1016 (existing alluvial wells), and is primarily intended to assess vertical hydraulic and
contaminant relationships downgradient of the waste source. Monitoring wells MW-1052
(Decorah Group) and MW-1053 (Plattin Limestone) are intended to provide infermation on
background groundwater chemistry and lateral and vertical hydraulic gradients.

Angled holes will be drilled to assess the frequency and character of vertical
discontinuities which may act as vertical pathways for contaminant migration within the bedrock.
Angled holes will not be completed as monitoring wells, Angled holes will be drilled at a 60°
angle from horizontal at orientations of N90°E, $20°W, and S30°E.

Appendix B lists existing and proposed monitoring. welis according to Missouri State
plane coordinates.
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TABLE 7-1 Summary of Information for Proposed Vertical and Angled Boreholes
— —
Froposed
Burehola Laoation Formatian [Depth) Rationala
MW-1047 With hTW-1028 Alluvium Defint vartdpal hydraulic gradient and
16-2 m} southyestarly extent of
contamination
M- S04 S 60 maters 8W of MW-1003 Alluvium Provida additional Informmation
{63 m) ragarding 5-5W axtant of
contamihation
WMN-1043 Maar MW-1030 Plattin Limeatans Providya additianal information an
(40-50 m} vartical extent af contamination and
wvarticel gradients
-1 050 25 meters south of MW-1004 | Fattin Limestone
(40-B0 m}
MWL 1051 With MW-1015 and Plattin Limestona
MW-1016 {40-50
WW- 1052 Horth of quarry: off haul road Dacorsh Group Provide background information for
{152 in) groungdwater quality in shallow
badrock
MW-1053 Plattin Lmestong
(40-50 m)
MW-1054 South of Fermme Osege Alluvlum {6-2 ml Provide information on contaminant
Slough distribution south of Fermme Osage
Slaugh
QaH-a1# 40 matars wast of MW-1627 | Decorah Group; Plattin Detarming fraquency and character of
baating N20°E Limestone; Juachim warlinal discontinuitias |n Dacoran
- Colomite Group, Plattin Limastone, and
QAH-OZ™ With MW-1012 baarlng (approx. 75 mi Joachim Dolomita
S20%W
QAH-pa Mear MW- 1026 baaring
S30°E
| ——————— |_- — — —
el Angled barsholes — not to be complated as manitoring wells.
MOTE:  All bareholes in badrock ta be pressure-testad during drilling to deterning vertical trands in hydraulic conductivity.
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Drilling methods were evaluated with respect to the types of geologic materials
anticipated, previous site expetience with drilling in this area, and the relative advantages and
disadvantages of each method, as described by Aller et al. (1989), Drilling. methods must be
capable of advancing threugh both consolidated and unconsolidated materials above and below
the water table. The proposed methods should utilize equipment which minimizes the potential
for cross-contamination and surface and subsurface disturbance, while allowing for retrieval .of
representative geologic samples and performarice of downhole tests, Based on these criteria, the
following drilling methods are proposed:

¢ Hollow-stem augering (for unconsolidated materials)
¢ Water rotary (for rock coring)
s Air rofary (for rock reaming)

Samples will be continuously collected during drilling by means of pushing or driving
sample tubes (in unconsolidated material's] and diamond coring techniques {in rock). Samples
of sediment/soil will be collected for analyses of contaminants of interest as well as for physical
and mineralogical testing.

The following general precautions will be taken to minimize the effects of drilling on the
subsurface environment:

» All drilling equipment and tools will be decontaminated prior te initiation of drilling
activities and between borings.

» All drilling operations will be performed with either air or potable water as a coolant/
lubricant, Other additives will not be vsed.

» Only Teflon tape or vegetable-based lubricants will be used on the threads of
downhole drilling equipment. Qils, greases, or pipe dope shall not be used on pipe
threads, drilling rods, downhole hammer bits, or other downhole tools. Similarly, no
hydrocarbon-based oils or greases shall be used on rotary tables, slides, or other open,
lubricated surfaces on the drilling rig.

musarsijoannaigeldkampharsp-07..sub 64
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Precantions will be taken at all times during drilling operations to prevent the
contamination or cross-contamination of all wells and borings. Potential contaminants include,
but are not limited to, oil, greases, hydraulic fluids, fuels, and contaminated soils.

All cuttings not sampled for laboratory analysis or other use, and-all fluids penerated as
a result of drilling operations, will be managed in accordance with Weldon Spring Site Remedial
. Action Project (WSSRAP} Procedure RC-30, Monitoring Well Waste Managemeni, which
specifies either retention at the well location or on-site storage.

A qualified geologist, or geological engineer, will prepare a lithologic log for each
borehale in accordance with the WSSRAP forms shown in Figures 7-2 and 7-3. Particular
emphasis will be placed on recording lithology, stratigraphic features, and discentinuities which
could affect contaminant transport to facilitate selection of screened intervals for the monitoring
wells. The well-site geologist will also maintain observations of drilling rate, percent fluid
circulation, sample recovery, and rock quality designation (RQD} as applicable.

During all drilling activities, a daily logbook will be maintained by the site geologist that
will permit a re-creation of activities. The logbook will contain information not recorded on
approved forms and may include sample recovery, grout density, monitoring of . drilling
operations, recording of water losses/gains, and groundwater glevation measurements. All well
installation procedures will be recorded. The logbooks will be bound, printed on waterproof
paper, and completed using waterproof ink or marker. Logbooks will contain, at a minimum,
a legible listing of all persennel at the sampling location and their affiliation, a description of
each sampling location, personnel visiting and/or inspecting and/or auditing the sampling crews,
accidents, unusual occurrences or observations, weather conditions, and other relevant
information necessary to allow a detailed re-creation of events. Logbooks will be signed daily
by the recording person. All errors will be deleted by a single strike mark through the error,
and the person correcting the error will initial and date the strike mark. Logbook maintenance
is detailed in WSSRAP ES&H Procedure 1.1.4, Loghook Procedure.

Bach drilling method and additional method-specific requirements and precautions are
described in the following sections.
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7.1.1 Hollow-5tem Auger Drilling

Usnconsolidated materials will be drilled using hollow-stem augering techniques. The
diameter of augers will be determined by the specific purpose and requirements of each
borehole. Minimum outside diameter will be 17.7 cm (7 in). ~Samples will be- collected
continuously during augering operations using split spoon samplers or other continuous sampling
equipment, Samples will be collected before or during auger advance. A plug may or may not
be used, depending upon the sampling method selected.

7.1.2 Rock Coring

In competent rocks, diamond coring drilling methods will be used. Portable recirculation
tanks will be used to minimize the use of potable water. Water usage in terms of percent
circulation and formation losses will be recorded during all water rotary drilling operations.

Rock coring will be accomplished using wireline methods in accordance with -the
American Society for Testing and Materials (ASTM) Standard Method D-2113, The core
obtained will be standard NX diameter (approximately 5 cm [2 in]). A diamond-impregnated
core bit and inner barrel will be used. The core will be collected by continvous coring from the
top of the bedrock to the specified depth. The core will be collected to obtain information on
litholegical, mineralogical, and hydrological characteristics. Evidence of bedrock contamination
will be noted, if encountered, Each core run will depend on drilling conditions but will not
exceed 3 m (10 ft) in length. For angled holes, coring will proceed using a 1.5-m {5-ft) core
barrel with a diamond-impregnated bit, yielding a nominal 5-cm- (2-in.-) diameter core.

The core will be placed in premanufactured wood core boxes designed to hold at least
3 m (10 ft) of core. The rock core will be clearly labelled to indicate proper vertical orientation,
core intervals, core recovery, depth and location of samples, and RQD. Unconsolidated, very
friable, or clayey sections of core will be placed in clear plastic sheeting, core tubing, or bags,
and be sealed and stored aleng with the competent core in the core boxes. Cores will be logged
- and retained on site. Core losses will be noted by marked woeden blocks showing the
approximate depth of the lesses.
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7.1.3 Air Rotary Drilling

© Air rotary drilling will be used following coring operations and prior to well installation.
This method is required to ream borehales to 2 minimum diameter of 15 em (6 in.) for single-
cased wells and 30 em (12 in,) for double-cased wells. The foliowing precautions and
requirements will apply to air rotary drilling operations:

+ Specify the type of air compressor and compressor lubricating oil to be used. Retain
a sample of each oil. Record oil consumption on the boring log. This information
may be required for evaluation in the unlikely event that suspect constituents, possibly
related to drilling activities, are detected in groundwater samples.

¢ Utilize an air-line oil filter maintained in accordance with the manufacturer’s
recommendations. This maintenance activity will be recorded on the boring log. Air
filters will be changed with sufficient regularity to eliminate oil from filtered air,

* Fully describe air usage on the boring logs or in the daily logbook. Include equipment
descriptions{s), manufacturer(s), model(s), air pressures used, frequency of oil-filter
changes, and evaluations of the system performance,

7.1.4 Monitoring Well Construction and Development

Manitoring well installation will begin as scon as practicable at a maximum of 48 hours
after drilling and coring activities are complete, The security and integrity of the borehole and
subsequent well will be maintained by providing suitable barriers, tamper-detection seals, or
locks to prevent unauthorized access. After beginning well installation, operation will not be
stopped for extended breaks, the end of the regular work shift, or darkness until the bentonite
seal has been emplaced above the filter pack. Figures 7-4 and 7-5 illusirate typical monitoring
well design for single- and double-cased monitoring wells, respectively. Monitoring wells
completed in the alluvium or upland bedrock will be constructed according to the following
specifications and procedures:

& Prior to well installation, the borehole will be cleaned of .cuttings.
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s+ The well casing will be new, threaded, flush-jointed, Type 316L stainless steel with
a nominal S-cm (2-in.) inside diameter. All well casings will conform to the
reguirements of Type 316L stainless-steel casing or better.

¢ Continuous wire-wound, flush-jointed well screen will be used. - The well screen will
be constructed of 5cm {2-in.) Type 316 stainless stecl. Slot size shall be 0.25 mm
(0.010in.). Wells completed in atluvium will be constructed vsing 3-m (10-{t) screen
lengths. Wells completed in bedrock will be constructed of 3-m {10-ft) screen lengths,
or as open-hele wells.

* Well screen and well casing sections will be joined by threaded, flush-jointed
couplings to form straight, water-tight uniens. No solvents or glue will be used in the
construction of the wells,

* The well screen will have a threaded stainless-sieel bottom cap securely attached to
provide a tight seal.. The well casing shall have a threaded stainless-steel top cap. A
vent hole, not to exceed 3 mm {1/8 in.} in diameter, shall be drilled in the side of the
top.

* The following information shall be recorded (to the nearest 0.1 ft) both in the log book
and on the well completion record: total depth drilled; total length of casing; location
of well screen, filter pack (top and bottom), and bentonite seal interval. The datum
for these measutements will be from ground surface and recorded as below ground
surface.

¢ Each screen/casing assembly will be centered in the borehole using at least two
stainless-steel centralizers at the bottom and top of the screen.

* The wells will be installed through either hollow-ster augers or temporary casing
through the overburden or alluvium.

» The well assembly will be lowered upon 3 in. of filter pack material. Filter pack
material will consist of clean, medium- to coarse-grained (70% retained by a 40-mesh
sieve), well-rounded, uniform silica sand which shall be free of surface oxides. Filter
pack will be added to the annulus to a height of | m (3 ft) above the screen. A
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weighted tape will be used to continuously tag the top of the filter pack to ensure
accurate placement. The source of filter pack and gradational curves shall be
provided.

e An annular seal will be constructed by placing -15-em (6-in.) lifts of 6.3 mm.to
9.5 mm (1/4-3/8 in.) bentonite tablets or prefabricated bentonite cylinders specifically
designed for sealing purposes to a height of 1 m (3 ft) above the filter pack. Tablets
will be hydrated by the addition of at least 5 liters (1.3 gal) of potable water per 15
cm (6 in.) lift if placed above the water table. Rock wells not suited to filter pack
designs shall utilize a permanent packer to support the bentonite seal.

* The remaining annular space will be grouted to the surface using a side-discharge,
tremie-placed, bentonite-based grout specifically designed for monitoring wells. The
grout will be mixed according to the manufacturer’s instructions regarding weights and
measures by jetting through the hopper and will be circulated through the rig mud
pump. This ratio will be properly documented. Grout mix must achieve a weight of
1.1 kg/l (9.4 Ib/gal) prior to placement, Grout weight will be verified through the use
of a mud balance.

e All depths and thicknesses including total depth of hole, filter pack thickness, and
depth to top of bentonite seal will be checked and recorded using a weighted tape.

¢ Locking protective casings will be instailed at each well. A concrete pad sloped o
drain away from the well with minimum dimensions of 0.75 m (30 in.) by 0.75 m (30
in.) by 0.15m (6 in.) will be installed. A brass monument will be set in the
protective pad. At least three protective posts will also be installed to guard against
incidental damage from vehicles.

» Tollowing well installation, top of casing (TOC) elevations and the coordinates of each
well will be surveyed by a licensed surveyor. TOC elevations will be to the nearest
0.003 m (0.01 ft). Horizontal control will be within 0,15 m (0.5 f1).

Monitaring wells completed in bedrock where the unconsolidated materials are saturated

will be completed as described above; however, the following additional measures will be
implemented to ensure the integrity of the completion:
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* An outer casing will be installed at least 1.5 m (5 ft) into bedrock and grouted in place
prior to coring and reaming to final depth.

* Coring and reaming will not commence until at Jeast 48 hours after the outer casing
has been grouted in place.

» Well completion will be as described previously. The annular space between the outer
casing and the well casing will be filled with grout as previously described.

Wells installed during this investigation will be developed to produce clear water which
is representative of natural groundwater. A variety of methods may be employed depending on
the conditions encountered. Development activities will be specified or approved by the Project
Management Contractor (PMC) and will be documented on the Well Development Form shown
in Figure 7-6. The following guidelines will be used during well development activities:

» Development will not commence until at least 48 hours after the well casing has been
grouted in place,

» Development methods will provide a surging action through the well screen and filter
pack to remove soil and rock particles. Air lift devices will not be utilized for
development purposes.

» Development will continue until surging fails to produce turbid water, three
consecutive well velume samples vield conduclivity, temperature measurements have
stabilized within 20%, and pH measurements are stable within +0.3 standard units,
Well volumes will be calculated based on the static water level in the well just prior
to the onset of initial development. Well volume calculations will include saturated
filterpack when appropriate.

Water generated during well development will be managed in accordance with WSSRAP
Pracedure RC-30, Monitoring Well Wasie Management.
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7.1.5 Equipment Decontzmination

Equipment used in drilling operations and sample collection, and materials used in well

construction, wiil be decontaminated according to the following guidelines:

Drill rigs will be decontaminated with a hot-water, high-pressure washer prior to and
upon completion of all drilling activities. Working areas of the drill rig will be
decontaminated between boring locations. Pumps and hoses will be flushed with
potable water between locations.

Drilling equipment and tools will be decontaminated with & hot-water, high-pressure
washer. They will be allowed to air-dry prior to and between borehole placement and
upon arrival at the site. On wells with an outer casing, drilling equipment will be
decontarmninated before the outer casing has been installed and prior to coring or
reaming activities. Equipment and tools will be stored in a mannes that maintains the
cleanliness of the equipment.

Continuous samplers, split spoons, and other sampling equipment will be washed with .
potable water between samples in a given borehole if contaminant samples will not be
collected. Continuous samplers and other sampling equipment will be cleaned in
accordance with ES&H Procedure 4.1.3, Sampling Equipment Decontamination, and
ES&H Procedure 4.4.5, Soil/Sediment Sampling, and allowed to air-dry prior 10
sample collection for contaminant analyses.

All well screens, casings, caps, and outer casings will be cleaned using a hot-water,
high-pressure washer and allowed to air-dry prior to installation. Cleaned materials
will be stored in & manner that maintains their cleanliness.

All well development tools and equipment will be cleaned using a hot-water, high-
pressure washer and allowed to air-dry prior to initial use and between well drilling
and installation activities, Cleaned materials will be stored in a manner that maintains
their cleanliness.

Water and other wastes generated during decontamination activities will be collected and

disposed of in accordance with WSSRAP Procedure RC-3(0.
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7.1.6 Abandonment of Boreholes

Any well or borehele which is no longer required for sampling, testing, or monitoring
will be plugged and abandoned in accordance with ES&H Procedure 4.4.4s, Subsurface
- Monitoring Device Plugging and Abandonment Procedure. This procedure has been developed
to be consistent with plugging and abandonment practices as prescribed by 10 CSR 23-3.030(3)
and 10 CSR 23-3.020(5). Briefly, the abandonment procedure generally consists of removing
any existing pipe or casing, including screens, from the borehole. The borehole 1s then filled
Dy tremie-placing a bentonite-based grout specifically designed for sealing boreholes. The ratio
of clay grout to fresh potable water will be consistent with the manufacturer’s instructions with
respect to weights and measures. This ratic shall be verified in the field using a mud balance
and be recorded by the PMC representative.

7.2  Fracture Mapping

- Reproducible data regarding fractures in the bedrock are required to assess contaminant
migration pathways. Past investigations have proposed that contaminant migration pathways
exist in the lower Kimmswick Limestone, where vertical joints and bedding surfaces have been
enlarged by dissolution, and in the rocks of the Decorah Group, which are thinly bedded and
vertically fractured (BGA 1984). The fracture-mapping program proposed in this plan will
utilize the rock exposures at the quarry, along the bluff to the south, to the north and west, and
vertical and angled borehole data.

Surface measurements shall inciude fracture spacing, orientation, aperture, staining,
etching, and continuity, Subsurface measurements shall include fracture spacing, orientation (fo
the extent possible), staining, etching, and aperture characteristics. Rock cores from previous
investigations will be re-examined for fractore-related information. If necessary, existing cores
will be relopged using the observational criteria established above for subsurface measurements.
For example, some of the existing cores were not originally evaluated for RQD and must be re-
examined to obtain those data to the extent possible.

Field notations, measurements, and core descriptions shall be recorded in field notebooks
. or on log forms, Measurements and stations will be tabulated and located on an appropriately
scaled map. Measurements shall be plotted using rose diagrams .and shall be statistically
evalvated, The PMC shall direct the production of a dala report presenting the results of
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fracture-mapping efforts and analysis. Further analysis of fracture data may be petformed to
support the analytical er numerical modeling performed to assess contaminant transport
characteristics.

7.3  Sample Collecticn

Samples of representative geological materials will be collected during drilling activities
and submitted for laboratory testing to determine representative physical and mineralogical
properties. Sample collection methods will be consistent with methods described by Aller et al,
(1989) and ASTM for soil sampling and rock coring. Specific ASTM methods are referenced
in the following subsections where apprepriate,

7.3,1 Unconsolidated Materials

Sampling techniques for unconsolidated materials will utilize both disturbed and
undisturbed sample collection techniques. -Disturbed samples will be collected using a-split
barrel sampler that is of standard dimensions and is driven by an 18-kg (140-1b) weight dropped
through a 76-cm (30-in.) interval in general accordance with ASTM Standard Method D 1586.
The number of blows required t drive the sampler will be recorded by the PMC representative.
Alternatively, equipment which utilizes a continuous tube sampling method such as that offered
by Central Mine Equipment, Inc., (CME} or equivalent may be employed. These methods will
be used to collect samples for chemical and radiological analysis, as well as samples for grain
size distribution, mineralogy, bulk density and organic content. Samples will be described for
typical geological and engineering properties using standard practices as prescribed by ASTM
D 2488. Samples will be classified using the Unified Soil Classification System {USCS), and
color will be determined using the Munsell Soil Color Charts, Where applicable, additional
notations will be made regarding the degree of sorting, dominant grain size, degree of safuration,
and reaction to dilute hydrochloric acid.

Undisturbed samples will be collected using thin-walled tubes in accordance with ASTM
Standard Method D 1587 by pushing a tube into the formation of interest in a relatively rapid
and continuous motion. Care will be taken to aveid rotating the drill stem during thin-walled
tube sampling. Thin-walled tubes shall be sealed at both ends with beeswax, plastic caps, and
duet tape to preserve existing moisture conditions. Undisturbed samples will be obtained for
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. saturated hydraulic conductivity testing, ca;pilIaI}r moisture retention characteristics, moeisture
content, porosity, and cation exchange capacity (CEC).

Table 7-2 summarizes the number of samples to be collected for each type of analysis
based on the present knowledge of geological characteristics of the study area.

TABLE 7-2 Summary of Physical and Mineralogical Laboratory Testing Program

—— ——
Sample Typs
Alluvium Narth of Alluviurn South of
Paramater (iethod) Famme Czans Sicugh Femrne Oaerge Slough Disturbed Lndisturbed
Caplllary soil moistura ratention 10 5 X
charactaristios
Grain size 10 10 X X
Volurmetric meisture content 10 g x
Bulk density 10 = X x
pH 10 = X X
CEC 10 5 X x
TaC 10 5 x %
Mineralogy g 5 X x Ik
Saturate hydraulic conductivity 1Q 5 X jl

7.3.2 Rock Core

Rock core samples will be obtained using continuous coring techniques as discussed in
Section 7.1. Rock cores will be handled in general accordance with ASTM Standard Practice
D 2113 regarding storage and transportation. Additionaily, total core length, percent recovery,
rock quality designation, fluid loss or gain, coring rate, rock classification and lithologic
characteristics, and discontinuities.
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7.3.3 Sample Shipmen{ and Chain of Custody

Chain of custody and sample shipping will follow WSSRAP SOPs ES&H 4.1.2, RC-17,

and RC-19 as applicable. All samples shall be considered potentially contaminated and treated

-accordingly, Samples will be surveyed at the quarry access-control point for radicactive
contamination prior to off-site release.

7.4  Laboratory Testing

Physical and mineralogical testing is required to provide valid and sufficient data for each
soil and geological strata subject to investigation under this plan. Previous investigations have
not generated appreciable information in this regard. The information generated from the
proposed testing program will be used to assess contaminant behavior in terms of mobility and
fate by evaluating the transport characteristics and aftenuation potential of geologic samples.
Table 7-2 summarizes the testing program in terms of strata of interest, number of tests, and

sample types.

Unconsolidated materials from the vadose zone will be tested for capillary moisture.
retention characteristics, grain size distribution, volumetric moisture content, bulk density, pH,.
CEC, TOC content, and mineralogy. Unconsolidated materials from below the water table will
be tested for saturated hydraulic conductivity, grain size distribution, bulk density, moisture
content, pH, CEC, TOC content, and mineralogy.

Laboratory tests of rock core samples are not presently scheduled, since properties
governing flow in fractured rocks are usually not well suited lo characterization by laboratory
methods. If information obtained during the remedial investigation suggests that particular tests
of rock samples would be beneficial to the understanding of contaminant fate or mebility, then
a testing program will be devised to satisfy those data needs using the rock cores obtained as
part of this plan.

7.5  Aquifer Testing
Quantifying the physical parameters associated wilth groundwater movement and

contaminant transport is necessary to provide reliable and reproducible information for use in
analytical or numerical analysis of groundwater flow and contaminant transport. The parameters
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.which govern groundwater flow and contaminant transport are identified in Section 5 of this
plan, A combination of the tests and measurements proposed in this plan and information
generated from previous investigations will be used to assess influences on groundwater flow and
contaminant transport. These parameters will be obtained by- performing specific tests and
physical measurements on the various hydrogeologic units within-the QROU study area. .. ..

Previous investipations of the quarry and well field area have focused on determining
aquifer characteristics for the saturated bedrock and alluvium, Pumping and pressure tests were
performed in the quarry by the U.S. Geelogical Survey (USGS) (Richardson 1960). A pumping
test of the quarry pond indicated that the pond is hydraulically connected to the shallow
carbonate aquifer, and that the potential exists for migration of contaminants from the quarry
te the Missouri River floodplain due to the eastward hydraulic gradient, Pressure testing
performed in the lower 3 m (10 fi) of the Kimmswick Limestone and the upper 10 m (30 fi) of
the Decorah Group indicated that the permeability within the shallow bedrock decreases with

.depth (Richardson 1960), Additional hydrologic monitoring assoclated with quarry pond
dewatering activities are proposed in Secticn 7.6 of this plan.

Lawrence Berkeley Laboratory (LBL) conducted several pumping and tracer.tests o
determine the hydraulic properties of the shallow bedrock in the vicinity. of the quarry and
alluvium south of the Femme Osage Slough (BGA 1584). Pumping tests performed in the
alluvium south of the slough consisted of two transient tests and two steady-state tests. Tracer
tests performed in the alluvium south of the slough consisted of two converging flow tracer tests
of 40 hr in duration, and four point ditution tracer tests which ranged up to about 4.5 hr in
duration. Efforts by LBL ta perform pumping tests of the alluvium north of the slough were
abandoned due to low permeability conditions which required low pumping rates and extended
recovery times. LEBL performed 10 pumping tests in the [raclured carbonate bedrock at locations
between the quarry and the Femme Osage Slough. These tests ranged up to approximately 65
hr in duration, Tracer tests performed in the fractured carbonate bedrock consisted of one multi-
well convergent configuration test of approximately 5 hr in duration, and one point dilution test
of approximately 4 hr in duration. The results of these tests are provided in Section 3.2 of this
plan, and additicnal discussion of these efforts is contained in the Work Plan (ANL 1993). The
agquifer characterization efforts undertaken by LBL and the subsequent decumentation of these
efforts by BGA (1984) provide considerable insight regarding :hydraulic properties
(transmissivity, storativity, groundwater flow velocity, and effective porosity) of the shallow
bedrock formations south of the quarry, and the alluvium south of the Femme Osage Slough.
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Aquifer properties for that portion of the alluvial aquifer being utilized by St. Charles
County as a source of drinking water were determined by Layne-Western Company (LWC), who
performed a large-scale pumnping test of PW-8 in order to more fully define the hydrologic flow
characteristics of the alluvial aquifer and to aid in the design of a steady-state, passive-element,
electric analog model. This test involved a pumping rate of 9.5E-02 m*/s (1,500 gpm) for a
period of 83 hr, The resulting analyses indicated a transmissivity of between 5.42E-02 m%/s and
6.47E-02 m%s (377,000 and 450,000 gpd/ft) (LWC 1986).

In summary, the information generated by previous investigations has provided a
substantial amount of vseful data that may be used to assess the hydrologic controls that affect
groundwater flow and contaminant transport in the vicinity of the quarry and adjacent well field.
The focus of previous work has also been used to plan proposed investigations in a manner that
minimizes redundancy. The dependence on previous work is especially acute with regard to
proposed activities regarding aquifer testing. With the extent and focus of previous
investigations in mind, additional pumping tests are not proposed at this time as a means of
obtaining additional information regarding aquifer properties. Additional tests in the form of
slug tests and packer (pressure) tests are proposed io determine horizontal and vertical variations
in hydranlic conductivity for the saturated geologic media in the study area. Long-term tracer
tests are also proposed to confirm transport characteristics for the alluvium in the vicinity of the
Femme Osage Slough.

Tracer tests are described generally in this plan, and detailed performance and analysis
requirements will be developed at a later date. These will provide the operational detail for the
execution of the tests. Packer tests will be performed during borehole drilling and are included
within the scope of the existing drilling services subcontract.

Treatability testing as proposed in the Work Plan may require further testing of the
saturated alluvium north of the Femme Osage Slough. The testing required to determine the
hydrogeological parameters necessary to support a groundwater treatability assessment will be
determined once the scoping process for treatability testing has been completed.

7.5.1 Slug Tests

Also known as single-well hydraulic conductivity tests, slug tests determine the hydraulic
conductivity of the saturated zone around a well screen or intake. Slug tests are advantageous
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hecanse they obtain in situ data, can be used to defermine aquifer heterogeneity, are relatively
simple to conduct, and do not require separate pumping and observation wells. A disadvantage
is that they only test the material near the well.

- Slug tests will be performed on all existing. monitoring wells and -all proposed wells not
subjected to packer tests to provide information on the variability of hydraulic conductivity, The
results will be compared to pumping test results from previous investigations and packer test
results.

Slug tests will be performed in accordance with WSSRAP Procedure ES&H 4.3.2, Single
Well Hydraulic Conductivity Testing. Both rising and falling head tests will be performed. The
procedure for performing slug tests generally consists of establishing the pre-test water level
using a pressure transducer, intreducing (or removing) a slug of known volume, and recording
water levels as the well returns to steady-state conditions. The length of time required to
perform each slug test will vary depending on the hydraulic conductivity. Standard pressure
transducers and data loggers will be utilized to obtain water level measurements as recommended
in ASTM Iy 4050.

Principle analytical methods will utilize procedures recommended in ASTM D-4104 and
may include Bouwer and Rice (1976) or Hvorslev (1951) for unconfined conditions and Cooper
et al. (1967) for confined cases.

7.5.2 Packer Tests

Packer, or pressure, tests are used to provide hydraulic conduetivity information for
competent rocks. They are performed by isolating a drill hole interval with inflatable packers
and injecting water under pressure into the adjacent formation. The relaticnship between
pressure and injection rate permits a calculation of hydraulic conductivity.

Packer tests will be performed on all borings advanced into bedrock. Bedrock units will
be tested every 3 m (10 ft) with additional tests possibly performed at fracture zones identified
during coring operations. These data will provide information on the horizontal and vertical

-yariability of hydraulic conductivity for bedrock aquifer units.
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Packer testing will be performed during coring operations. Each 3-m (10-ft) interval will
be tested during coring using standard packer testing equipment, Tests will be conducted using
a single inflatable packer with water flow and pressure monitored with'a flow meter and pressure
pauge, respectively. Generally, three tests of 5 min duration will be performed at each test

.interval. Once the test section- has been cored, the hole will be briefly flushed with potable
water and the core barrel will be removed. The drill assembly will then be pulled to a point just
above the test interval. The packer assembly and associated piping will be lowered and set at
the interval to be tested, The packer will be inflated with inert gas. After the packer is securely
seated, the hiole will be pressurized to the desired pressure and allowed to stabilize, and the flow
rate will be monitored. The initial test will be conducted at an approximate pressure of 10 psi
to 60 psi. Another test will be conducted at approximately 20 psi to 90 psi, and a final test will
be run at 10 psi to 60 psi. For each test, the inflow pressure, average flow, length of test
interval, and total head will be recorded on test logs.

Packer testing data will be analyzed using methods described in the Groundwater Manual
'(U.S. Department of the Interior 1977, Zeigler 1976). Fipure 7-7 presents applicable schematic
details and equations and defines variables 1o be used in packer test data analysis.

7.5.3 Tracer Tests

Natural gradient tracer tests will be performed at two locations as shown in Figure 7-8
to determine transport characteristics within the Femme Osage aliuvium. Natural gradient tracer
tests involves monitoring a small volume of tracer as it moves through the natural flow system.
Concentration measurements made at different times are used to determine advective velocities
and dispersion (Domenico and Schwarz 1990). Natural gradient tracer tests rather than
convergent flow tracer tests are proposed because of the logistical considerations associated with
pumping significantly large volumes of contaminated water, The proposed locations were
selected for the following reasons:

* The granular nature of the afluvium is well suiled to an assessment oOf transport

processes using tracers due to the porous media principles which govern analysis. of
advective flow.
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¢ The current understanding of groundwater flow and contaminant distribution suggests
that geologic and hydrologic controls on flow and transport processes in the vicinity
of the Femme Osage Slough are variable.

e Substantial uncertainty exists concerning the potential for future impacts to.the. St.
Charles County well field from contaminated groundwater located north of the Femme
Osage Slough.

The technique typically requires a dense network of sample points. For this reason,
sandpoints {or well points) will be used to establish a grid at each location. Sandpoints are pre-
fabricated, small-diameter well assemblies consisting of a welded continuous-slot screen attached
to & forged-steel point. The most common sizes are designed for direct attachment of either 32-
mm {1.25-in.) or 51-mm (2-in.) pipe (Driscoll 1986). Screen length is typically about 91 cm
(36 in.). These units can be gasily driven into unconsolidated sandy or silty formations.

Salts of chloride or bromide are proposed as the tracers for these tests. Chloride and
bromide are favorable tracers because they are relatively benign compounds with respect 1o
environmental concems and are generally non-reactive. Site environmental menitoring data for
1990 indicate that chloride concentrations in groundwater for wells located:near the proposed
test location north of the Femme Osage Slough ranged from 20.5 mg/l to 79.8 mg/1. Chloride
concentrations in groundwater for the proposed test location south of the Femme Osage Slough
ranged from 2.5 mg/l to 27.3 mg/l for the same time period (MKF and JEG 1991b). Analytical
results for bromide are very limited. Groundwater samples from four monitoring wells (MW-
1018, MW-1019, MW-1021, and MW-1022) were analyzed for bromide in the first quarter of
1993. Bromide was not detected in excess of the contract detection limit of .38 mg/l. These
analyses were performed as part of The Environmental Monitoring Plan for Calendar Year 1993
(MKF and JEG 1992b), which provides for bromide analyses to be performed semi-annualiy on
all wells in the study area. Additional analyses of chloride and bromide will be performed as
part of the test procedure to statistically evaluate background concentrations prior (0 fracer
introduction. Tracers will be introduced at sufficiently large concentrations to allow - for
distinction from background concentrations.

Figure 7-9 schematically illustrates the test configuration.- In general, the tests are
performed as follows:
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+ Estimates of the ground water flow velocity in the vicinity of the test locations will
be made from results of slug tests, measurements of the local hydraulic gradient, and
estimates of effective porosity.

* A grid of shallow and deep well points will be established. Grid spacing will be
determined based on flow velocity estimates. The grid array will contain
approximately 18 stations. Each station will consist of a well point placed a maximum
of 1 m (3.28 ft) below the phreatic surface and a well point placed above the
alluvium-bedrock contact.

e Water levels in the well points will be monitored on a daily basis for 10 days.
Piezometric sutfaces will be prepared from these data to obtain a more definitive
grasp of the local flow field. If necessary, the grid array will be re-oriented to
optimize the test with respect to transverse and lengitudinal tracer transport.
Rackground samples will be obtained from each grid array well point at three 72-hr
intervals and analyzed- for tracer constituents. Standard applicable procedures as
described in ES&H Procedure 4.1.4, Quafity Control Samples for Aqueous and Solid
Matrices: Definitions, Identification Codes, and Collection Procedures, regarding
blanks, duplicates, and quality control samples will be observed.

s Tracers will be introduced into the formation via one of the upgradient well points.
Different tracers will be used for the shallow and deep networks. Tracers will be
introduced on a daily basis for the period of the tests to simulate & constant source.

*» Samples from each well point will be obtained daily using suction pumps, bailers, or
other appropriate devices. One well volume will be purged prior to sample collection,

The tests will last approximately 30 days.

Water generated as & result of tracer tests will be managed in accordance with WSSRAP
Procedure RC-30.

Data analysis will proceed using general methods and -techniques as described by
Domenico and Schwarz (1990) for advective transport. :
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7.6  Hydrological Surveys

Hydrological surveys will be conducted over the period of -investigation to obtain data
. regarding basic hydrologic characteristics and the hydrologic response of the study area to
climatic influences. This activity will consist of the following elements:

* Topographic profiles of the Femme Osage Slough and Little Femme Osage Creek
¢ Groundwater elevation measurements

» Surface water stage measurements

* Precipitation measurements

* Flow measurements

7.6.1 Femme Osage Slough and Little Femme Osage Creck Profiles

Topographical surveys will be conducted of the Femme Osage Slough at approximately
. 11 locations, and of the Little Femme Osage Creek at five locations to determine sediment
volumes. Figure 7-10 shows the survey locations, Survey locations correspond with sediment
sampling locations prescribed in Section 8 of this plan. In general, each survey will be
performed as follows (see Figure 7-11):

» Surface control points of known elevation will be establishied on the opposing banks
at each location relative to average mean sea level (AMSL).

+ A tag line of known increments will be placed between the control points so that
positions between the control poinis may be established within 0.3 m (1 ft).

» Through the use of common surveying techniques, elevations for the following
surfaces shall be established at 23 evenly spaced locations:

- Surface 1 - Free water surface
- SBurface 2 - 1nitial water/sediment interface

- Surface 3 - Bottom of upper sediment sequence

The bottom of the upper sediment sequence will be taken to be the depth to which a blunt
probe such as a survey rod can be easily advanced by hand.
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Survey measurements will be maintained in accordance with industry standards as applied
at WSSRAP for similar services. The information generated from these surveys shall be
tabulated and plotted to represent the observed vertical and horizontal relationships at each
section.

7.6.2 Groundwater Elevation Measurements

A combination of periodic and continuous groundwater elevation monitoring will be
performed to assess ihe relationships between groundwater Jjevels and precipitation, surface water
stage, and groundwater pumping. Groundwater elevations are currently determined by the PMC
on a monthly basis for all monitoring wells in the QROU study area as part of the site
environmental monitoring program. Measurements are made to the nearest one hundreth of a
foot (0.01) in accordance with ES&H Procedure 4.4,2 These dafa are typically plotted as
hydrographs for each monitoring well. This program is scheduled to continue throughout the
period of investigation. The additional wells installed as part of the QROU remedial
investigation will be added to the water level measurement schedule.

Continuous groundwater elevation monitoring will be performed to evaluate discrete
hydrologic responses which would not be reflected in the monthly measurement program
discussed above. Continuous data will be collected using pressure transducers and data loggers
in select monitoring wells for a minimum of 1 yr. Measurements will be made on a daily basis
at each location. Table 7-3 lists the monitoring well and formation of interest for each location
included in this program.

TABLE 7-3 Proposed Well Locations for Continuous Groundwater Elevation

Manitoring
s = =1
Wl Number Formatian of [nterest

MW-1033 Plattin Limestons
pMw-1018 Alluvium
Mw-1014 Alluviurm “
MW-1003 Al il
MW-1032 Klmmswick UmeetorsiDasarah Graup
- 1050 Plattin Limeastona

=i = = = =,
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Monitoring wells propesed for continuous groundwater elevation monitering were
selected to obtain information on vertical hydraulic gradients, as well as groundwater and surface
water interaction, and climatic influences. Locations MW-1019 and MW-1033 will monitor
groundwater in the alluvium and Plattin Limestone. These wells are collocated south of the
Femme Osage Slough, thus allowing comparison with slough stage measurements.

Wells MW-1009 and MW-1014 (alluvium), MW-1032 (Kimmswick Limestone/Decorah
Group} and MW-1050 (Plattin Limestone) are located north of the Femme Osage Slough where
elevated concentrations of radionuclides and other contaminants are present in soil and
groundwater (ANL 1993). A potential mechanism governing contaminant distributions in this
area may be the migration of highly contaminated groundwater from the quarry pond through
solutionally enlarged pathways in the Kimmswick Limestone to the fine-grained marginal
alluvium located north of the Femme Osage Slough. It is conceivable that contaminated
groundwater is preferentially discharged to the alluvium in this area. Attenuation mechanisms
such as sorption and reduction may be active in this area as evidenced by the elevated
concentrations of radicnuclides in soil and groundwater. Monitoring of groundwater elevations
in these wells during bulk waste removal may provide useful information regarding preferential
transport in this area,

Aside from those monitoring wells listed in Table 7-3, monitoring wells MW-1004, MW-
1034, and MW-1027 all monitor groundwater in the Kimmswick Limestone/Decorah Group.
These wells are being monitored as part of the hydrologic monitoring program designed to
support observational monitoring of butk waste removal. In essence, groundwater levels in these
wells will be monitored continuously to assess the effects of quarry pond dewatering associated
with butk waste removal. Drawdown information from these and other wells, along with pond
discharge rates, may be useful in assessing the aquifer properties of the shallow bedrock and the
degree of vertical and horizontal hydrologic continuity.

7.6.3 Suorface Water Stage Measurements

Surface water stage for the Missouri River, Femme Osage Slough, Little Femme Osage
Creck, and the quarry pond will be monitored on a daily basis during the period of investigation.
Information regarding Missouri River stage will be obtained from the U.S. Geclogical Survey
gaging station maintained at Hermann, Missouri, approximately 45 mi upstream of the site. The
daily mean discharge of the Missouri River at Hermann with a 12-hr time lag has been used as
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a basis for estimating Missouri River conditions near the Weldon Spring quarry for previous
hydrologic investigations because no significant streams discharge to the Missouri River between
Hermann and the Weldon Spring quarry; also, there is about a 12-hr travel time between
Hermann and the quarry.

Water level recorders will be placed to monitor stage for the lower reach of the Little
Femme Osage Creek near the quarry, and for the Femme Qsage Slough in the vicinity of the
quarry. A catwalk or stiling well installation will be installed to perform stage monitoring in
the Femme Osage Slough. '

Discussions have been entered into with USGS personne] to determine the optimal
locations and designs for these installations. The optimal locations and designs for these
installations are being discussed with USGS personnel.

Bulk waste removal operations include continuous monitoring of the pond water level in
the quarry. Discharge volume from the quarry pond for treatment will also be monitored o
potentially assess drawdown response in monitoring wells. These data will be obtained to assist
with the remedial investigation analysis.

Surface water stage data will be plotted relative to AMSL on hydrographs and used to
help determine temporal relationships between surface water and groundwater.

7.6.4 Precipitation Measurements

Currently, a rain gauge is used to monitor precipitation at the quarry on a daily basis.
This gauge has been operated since August 1991 and will be operated throughout the period of
investigation, Operation of this gauge is standardized in accordance with ES&H Procedure
4.8.1, Rain Gauge Manual Operation.

7.6.5 Flow Measurements
Flow measurements of the Little Femme Osage Creek will be performed to assess the
influence of upland drainage on the study area. Little Femme Osage Creekisa perennial stream

in the QROU study area. It receives runoff and spring discharge from the north. It ig the only
active flowage in the study area aside from the Missouri River. Measurements will be made

mrweersijosnnstgoldkampiarsp 07 sub a5
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- during low base flow and high base flow for a minimum period of one calendar year at a
suitable location which is not susceptible to backwater influences from high stage of the Missouri
River. USGS personnel will be consulted to establish a suitable measuring station and stage
menitoring plan so that a rating curve (discharge versus stage) can be developed for this stream.

melusersyoannetgoldkamplygrep-07  sub Q6
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8 CONTAMINANT SAMPLING PROGRAM

This program has been developed to characterize the nature and extent of contamination
in the Quarry Residvals Operable Unit (QROUY} in. support of the remedial investigations. The
types, locations, and frequency of samples to be collected for Phase [; as well as the sampling
protocol and procedures, are specified for each media (groundwater, surface water, sediment,
and soil). No additional air monitoring other than that specified in the Environmental
Moniroring Plan for Calendar Year 1993 (EMP 1993) will be performed (see Section 8.5).

B.1  Sampling Objectives

Sampling efforts for the QROU have been developed using a phased approach. Phase
I includes those activities performed and/or initiated prior to completion of bulk waste removal
from the quarry proper, and Phase I sampling will begin once bulk waste has been excavated,
Additional sampling plans will be developed to describe Phase II efforts once they can be

adequately scoped.

This Contaminant S8ampling Program (CSP} addresses Phase I sampling for the area
outside the quarry proper with the intent of obtaining the following information:

Identification and verification of contaminant types and concentrations within seil,
sediment, surface water, and groundwater

* Background concentrations of naturally occurring potential contaminants of concemn
(PCOC) in each media

¢ Temporal and spatial distribution of PCOC in each media

s Mean concentrations of PCOC in each media

» Coefficients of variation for PCOC

Phase I will be conducted in subphases (Phase IA and Phase iIB) for surface water,

sediment, and soil. Since groundwater activities are continual, Phase T has not been subdivided
for groundwater sampling. The primary objectives of Phase 1A are identification and

m:wsergijoannetgoldkampharep-08.sub a7
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verification sampling, and obtaining site-specific background concentrations for naturally
occurring PCOC. After each subphase is complete, objectives for subsequent subphases will be
refined. After Phase 1A, a report will be issued that includes data interpretation, reevaluation
of the data quality objectives (DQOs), and refinement of the sampling efforts for Phase IB, if

NECessary.

‘With a phased approach, results from initial sampling (Phase 1A) along with results from
other Project Management Contractor (PMC) studies will be used to direct investigations during
subsequent sampling during Phase 1. Subsequent imvestigations will be aimed at further
characterizing those areas where additional information is needed, where criteria established in
the DQO process have not been met or where additional information is needed in order to assess
the feasibility of remedial actions if such actions are deemed necessary. An advantage of a
phased approach is that subsequent sampling may not be necessary; also, if additional
information is required, then statistically based designs may be appropriate for areas identified
during initial sampling. These efforts will require redefining sampling units intc smalier areas
in order o optimize sampling efforts. Data gathered during each phase may be used to optimize
further characterization efforts for areas outside the quarry proper.

Information outlined in this plan is subject to change as additional information is acquired
for the study area. If sufficient data are collected afler a phase of sampling to support the use
of statistical procedures for design of subsequent sampling efforts, then the scope of this
program will be revised.

Data from historical investigations have been compiled and discussed in detail in the draft
Work Plan (ANL 1993); therefore, this information is not presented in this plan.

8.2 Sampling Parameters and Field Measurements

The chemical and radiological PCOC along with other pertinent parameters and field
measurements are discussed in Sections 8.2.1 and 8.2.2, respectively,

8.2.1 Chemical and Radiological Contaminants

Based upon historical investigations for all media, on reutine monitoring of groundwater
and surface water, and on contaminant persistence and mobility information, the chemical and
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radiological PCOC were identified in the draft Work Plan for the QROU (ANL 1993). The
chemical PCOC were identified as metals, inorganic anions, and nitroaromatic compounds
(ANL 1993)., The radiological PCOC are actinium-227 (Ac-227), lead-210 (Pb-210),
protactininm-231 (Pa-231), radivm-226 (Ra-226), radium-228 (Ra-228), radon-222 (Rn-222),
thorium-230 (Th-230), thorium-232 (Th-232), uranium-233 (U-235), and uranium-23§ (U-238)
(ANL 1993). This list is preliminary and subject to modification as additional information is
acquired. Sampling during Phase 1A will be performed in order to verify the presence or
absence of various chemical classes and radiological constituents, to obtain media-specific
background information, and to refine the PCOC list.

The PCOC tist will be based in part on results of previous studies. Not all historical data
can be verified/validated, but they were used in a qualitative sense to establish this preliminary
list. Where appropriate, previously collected data will be submitted to the verification/validation
process (see Section 11.3), and additional investigations identified in this sampling plan will
assist in confirming cr denying previous observations.

Sampling to identify and verify contaminant types and concentrations will be addressed.
during Phase IA. This includes sampling for chemical compounds and radiological constituents
that are not suspected as being present but grounds for elimination from further consideration
must be established. In most cases, confirmatory sampling will be accomplished by analyzing
for the Target Compound List (TCL) (see Appendix A), nitrcaromatic compounds and
radiological constituents, In addition, analyses for peochemical parameters and field
measurements, which are not primary components of the vetification program, will be performed
in order to examine the entire system and the different parameters that may influence
contaminant mobility and migration. Table 8-1 lists the parameters that will be analyzed for
each of these general categories. Throughout the text, reference will be made to these general
categories and any exceptions or deviations from the parameters listed in Table 8-1 will be
noted.

The additional information acquired during Phase [A will be used to refine the
preliminary PCOC list. The criteria for refining the PCOC are frequency of occurrence, current
or future risk, media type, location, concentration levels,  historical. information, background
concentration, data obtained from other media, and DQQ criteria. ~ Documentation supporting
the refinement of the PCOC list will be provided in the Phase TA report.
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%.2.2 Oiher Pertinent Parameters and Field Measurements

In addition to the Lst of PCOC, parameters will be identified which will assist in
assessing the potential migration and mobility of contaminants within the area, Analyses for
various geochemical parameters may be necessary to examine potential redox reactions, ion
gpeciation, system parameters, etc., which may be important in evaluating geochemical transport
phenomena. Routine surface water and groundwater field measurements include temperature,
pH, and specific conductance (SC) (MKF and JEG 1992b). Additional field measurements of
dissolved oxygen (DO}, water level, Eh, and laboratory measurements of total suspended solids
(TS$$) and total dissolved solids (TDS) may be determined aleng with FCOC.

TABLE 8-1 Categories and Parameters for Sampling and Analysis

[—— ——rr—T —— — —
Category Paramatars
TCL YOCz, semi-V s, pastieldes/PCEs, TCL matods
I TCL metalz Al, As, Ba, Ba, Ca, &d, Cr, Ca, Cu, Fa, Pb, My, Mn, Hg, Ni, K, =, Ag, Na, Sb, Tl ¥, Zn,
gyanide {slse Include Mo and Lib
Nitrearomatlc 1,2, 8-triniirabanzena, 1,3-dinitrobenzens, 2,4,8-trinitrotoluene {2,486 TNT), 2.4
campounds dinitratoluene {2,4-DNT), 2,8-dinitrotoluane (2,8-0NT, nitrobenzang

Rediological constituents | Groes alpha, gross beta, total uranium, Ra-228, Ra-228, Th-228, Th-220, Th-232, isatapic
uranium, Pb-2 10, and radon

Geochernicel paramatsrs | Br, CL, F. Fa*2, P, Si0, Sr, suifids, NO,, NO,, alkalinity, total suspended solids [TSS), totad
dissoived solida (TDS), end total organic carbon (TOC)

Fiald meassuraments Whatat level, temperature, pH, Eh, disgotved cxygon {00, spacific conductance {SC)
I#= e — — =

TCL w Taiget Compound List (zee Appendix A}

8.3  Spatial and Temporal Sampling

Contamination within the media at or near the quarry is believed to have originated from
contaminants that were placed there between 1942 and 1969 as a result of activities related to
national defense. The magnitude and extent, both spatial and temporal, of chemical and
radiological contamination has not been fully defined. However, previous studies confirm that
contamination is present within the different media at and near the quarry,
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The temporal (e.g., seasonal) and spatial (i.e., horizontal and vertical} distribution of
contaminanis will be addressed as part of Phase T sampling. The spatial distribution of
contaminants within groundwater in the alluvium, Decorah Group, -and Plattin Limestone has yet
to be completely determined. Groundwater within the Decorah Group and Plattin Limestone due
east of the quarry has not been fully characterized, and additional data are needed west and north
of the quarry and south of the slough. If sufficient data are available, temporal variations in
groundwater contaminant concentrations will be assessed based on trend analysis of monitoring
data. Temporal variations of contaminant levels within surface water, primarily the slough, must
also be investigated. Sediment within the Femme Osage Slough, Femme Osage Creek, and
Little Femme Osage Creek also will be assessed. Chemical and radiological sampling and
analysis of the soils near the quarry is also required to determine the spatial distribution of
contaminants,

8.4 Environmental Menitoring Coordination

Related sampling efforts that are being undertaken by the PMC in the QROU study area
are described in Section 4 and include the Emvironmental Monitoring Plan for Calendar Year
1993 (EMP 93} (MKF and JEG 1992b) and the Weldon Spring Quarry Supplementary
Environmental Monitoring Investigotions Sampling Plan (SMP)(MKF and JEG 1992¢). Where
appropriate, these efforts and the information that will he obtained from these programs have
been considered in developing the CSP to minimize redundancy of effort; thus, this CSP
addresses data requirements not covered by these two plans.

8.5  Air Sampling

Routine air monitoring, performed as part of the site environmental monitoring program,
continues to show that contaminants in the air are contained within the quarry proper
(MKF and JEG 1993). Historically, radon levels and gamma radiation at the quarry have been
elevated compared with background levels (ANL 1993); however, it is anticipated that as bulk
wastes are removed, these levels should decrease (ANL 1993). Airbome radipactive particulates
are not statistically different from background levels (ANL 1993). Monitoring activities are
adequate at this time, and in this plan, additional air monitoring is. not proposed outside the
-quarry. Current monitoring stations at the quarry perimeter will continue to monitor for radon,
gamma radiation, and radioactive air particulates as outlined in the EMP 1993
(MKF and JEG 1992b). Data collected during routine air monitoring will be used as
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characterization data for the quarry residuals remedial investigation. However, if data indicate
that air quality Jevels are changing, then additional air monitoring activities may be warranted.
This is particularly important during bulk waste removal activities-and: the need 1o safeguard
human health and the environment,

8.6 Groondwater Sampling

Phase I groundwater sampling efforts for quarry residuals characterization will combine
activities from the WSSRAP EMP (MKF and JEG 1992b) and the SMP (MKF and JEG 19%2c).
Groundwater rnonitoring activities, which are currently being conducted by the PMC, are
described in Tables 4-1, 4-2, and 4-3. Figures 8-1, 8-2, and 8-3 show the current groundwater
monitoring wells. To support characterization efforts, additional analyses will be added to the
EMP as outlined in Table 8-2. These additional analyses will occur during calendar year (CY)
1993. Unfiltered samples will be analyzed for volatile organic compeunds (VOCs), semi-VOCs,
and pesticides/polychiorinated biphenyls (PCBs) from nine wells. Analyses for geochemical
parameters will be performed for those wells not originally slated for these analyses (see
Table 8-2). Additional radiclogical constituents (Pb-210, radon, and isotopic uranivm) will be
analyzed in unfiltered samples from aine wells.

Information from these analyses; from other EMP 1993 groundwater menitoring
activities; and from surface water, sediment, and soil sampling (after Phase [A) will be available
for refining the PCOC list. Subseguent groundwater sampling characterization activities will be
incorperated and/or coordinated, as appropriate, with monitoring efforts as cutlined in the EMP,

8.6.1 Filtered/Unfiltered Samples

According to the Risk Assessment Guidance for Superfund, Volume 1 Human Health
Evgluation Manual (EPA 1989), estimations of exposure concentrations should utilize data from
unfiltered samples, and the remedial project manager (RPM) should be consuited prior to using
data from filtered samples, Since historical data along with information gathered from activities
specified in the EMP 93 will be used for characterization efforts, a comparison must be drawn
between filtered and unfiltered samples. Data collected from filtered samples will provide
additional geochernical information for modeling purposes. Based on this study, if a difference
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TABLE 8-2 Additions to the WSSRAP EMP to ‘Support Characterization Efforts
rl@g
ﬂ

Additdanal Radiclogical
Conetifuents™

YOCs, sami-YQLE, peetickie
Geoohemical FCER

M- 1002 A

KW-1004 54 A A

RW-1005 A &

MW 1006 58

MW-1007 A

MW-1008 A A A

WMW-1009 SA

MYY-1010

MW= 1071

MW- 10 2 & A A

MW-1012

MW-1014 & A

MW-1015

MW-1016

MW-1017 SA

»

MW-1018 A

*»

MW-1019 A

MWY- 1020 A

M 10217

MVW-1022

kAN 1023

M-1024

MN-1026

e | | =

MW 1027

" MW-1028

MW-10249

o

MW-1030 A

WL 1031

A TOE2
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TABLE 8-2 Additions to the WSSRAP EMP te Support Characterization Efforts
{Continued)

YOCg, pami-¥OCs, pasticides/ Additional FRadlclogloal
Gegshamical | FCBs Conetitumnts™!
MW-1033
IE W¥-1034
— —————
A Annually
SA Sami-annually
Geochamical Al, Ag, Ba, 8a Br, Ca, Od, CI, Cr, Co, Cu, F, Fa, Ph, Li. Mg, Mn, Hg, Mo, Ni,
P, K, Sa, Ag, Ma, &r, Bk, T), V., Zn, Fo'Z, NO,, MO, S0, sulfide, slkalinity,
TOE, TOC, TSS
ful Includes Ph-210, Rn-222, end isotopic uranium,

in constituent concentrations greater than 10% is noted between filtered and unfiltered samples,
the issue of filtered/funfiltered samples will be addressed for subsequent monitoring activities.

The .45 u filter has been adopted as defining "dissolved” as opposed to “particulate”
matter (HEM 1989); therefore, histarical groundwater samples were routinely filtered through
a 0.45 x membrane filter. Filtered groundwater samples will be collected for all parameters as
part of the EMP 93 except for VOCs, semi-vOCs, pesticides/PCBs, and additional radiological
congtituents which will be analyzed in unfiltered samples. In an attempt to relate constituent
concentration levels to background data for filteredfunfiltered sampies, the Darst Bottoms alluvial
wells will be included in this study.

Two sampling events to assess temporal differences are scheduled for CY 1993
Groundwater samples withdrawn from a subset of wells (Table 8-3) will be analyzed for
radiological constituents (except isotopic UJ, Pb-210, and radon}, geochemical parameters (which
includes TCL metals), total uranium, nitroaromatics, and sulfate in both filtered (0.45 u
membrane filter) and unfiltered samples. Laberatory measurements of TSS and TDS will be
taken in order to examine the quantity of particulate matier in relation to constifuent
concentrations. Routine field measurements will also be taken.

The subset of wells was selected based on 1992 monitoring data for tetal uranium,
arsenic, and nitroaromatic compounds (Table 8-3). Wells were also selected based on

mugars\joannaigoldkamplqrep-08.sub 107
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TABLE 8-3 Proposed Groundwater Wells for Filtered/Unfiltered Study

——— — |

Ratianada far

Forrmation/Groug/Strata Sealection HF, 0. 45% Analyses?

Herth of Slough

MW-1002 Dacorah Low UM, N NF, 0,45 R G, U 30, N
rAW-1004 Decorah High U™, N NF, 9.4% FGU SQLN
hW- 1008 Alluvium High U, N HF, 0.4% R G U 50, N
Il W 1009 Alluviurn Low U, Ae NF, 0.4% R, G, U, 50, N
MY-1013 Al urm High U, N, As HF, &+.45 R, G, U, 50, N
MW-1028 Decarah/FPlattin Low U, Az MF, 0.458 R, G, U, S0, N
hW- 1021 Flattin Low U MF, {145 R, G, W S0, N

South aof Slough

MW-1017 Alluviumm Low U, visibla §5, NF, 0.45 R G WSO, N
Ag

MWw-1018 Alluvium Law U, As MF, 0.48 R, G, U 50, N

Rhw-2 Alluyivm Low U, As MF, .45 R, G, U 50, N

Darst Bottoms Alluvial Wells

DBiD AHeeyiom U, As MF, 0.45 R, G, U, 50, N
oB20 Alluvlurm U, Az KF. 045 R, G, U, S0, N
DB2% Alluviom U, Az NF, 0,45 R, G, U, S50, N

H Low U = [U] = 30 pCiA
o High U = U] > 504 pCil
MF = not filtered: part of plannad sampling
045 = filterad ueing 0.45 g filtar ino modifier 0,45 wsed for ilbustration purposes hera)
W B = pross alpha, gross beta, Ra-228, Ra-228, Th-228, Th-230, Th-232
G = geochemical paramaters includes TOL metals)
U = total uranium
50* = Sulfate
H = Nitrogaromatic compoeunds

miusargyjos nnaigoldkemphagrep-D8, sub 108




011994

completion interval, location, and discussions with samplers concerning wells where visible
suspended selids have been noted.

Filtration will take place in the field af the time of sample collection, Samples collected
for mitroaromatic analyses will be filtered at the laboratory. The filtrate and the weighed solid
residue on the filters will be analyzed te assess sorption of nitroaromatic compounds- onto
suspended solids. If nitroaromatics are not detected during the first sampling event (CY 1993),
then this process will be eliminated during the second sampling.

8.6.2 Additiona! Groundwater Characterization

In addition to the aforementioned activities, monitoring wells will be drilled as part of
this plan. Section 7 details the drilling activities and procedures as well as targeted physical
data. Samples for background concentrations of constituents are addressed in Subsecticn
8.6.2.2,

8.6.2.1 Proposed Wells. Figure 7-1 illustrates the approximate location of the wells
which are being proposed to determine the real and potential extent of contamination,
Monitoring well designations should be considered tentative at this time. Table 7-1 lists, for
each well, the general location, reason for installation, estimated total depth and formation
monitored. During subsequent phases of the remedial investigation, additionat wells may be
drilled in order to further define the extent of contamination.

Inittal groundwater characterization for these proposed wells will include analysis for
TCL metals, total petroleum hydrocarbons, nitroaromatic compounds, radiological constituents
(except Pb-210), sulfate, geochenical parameters, and field measurements (see Table 8-4).

The PCOC and pertinent parameter list may be developed before these wells are
completed. If this is the case, these wells will be sampled monthly for the PCOC and pertinent
parameters after initial characterization. Monthly sampling will be initiated in order to quickly
establish baseline data for the PCOC and pertinent parameters., However, once results are
received from initial characterization, the data.will be reviewed to. ensure that the PCOC and
pertingnt parameters list includes all necessary parameters, Sampling frequency will be
evaluated at an appropriate time.

metuzwrsi|osnnelgoldkampiqrep-08. sub 109
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TABLE 8-4 Woell ldentification: and Parameters for initial Characterization of Proposed
Groundwater Wells

Well (D Farameiers
MW-1047 TCL matals, TFHC, W, RAD, Fiald, G, 50,
MW-1048 TCL matala, TPHC, N, RAD, Fisld, G, 50,
I 10458 TEL matals, TPHC, M, RAD, Field, G, §Q,
MW-1050 TCL metals, TRHEG, M, RAD, Field, G, 50,
MW-3051 TCL metaa, TPHEG, N, RAD, Feld, G, 80,
MW- 1054 TCL metals, TPHC, M, RAD, Fiald, G, 50,

{Sag Table B-1 for paramatars)

TCL  Target Compound Liat

TPHC Total petrobaum hydrecarbons

M Hitroaromatic compou s

Rad Radiological constituants (excapt Ph-210)
Figld Fisld meazurements

G Gerochernios parametery

20, Sullate

8.6.2.2 Background Wells. Background alluvial groundwater samples will be collected
from the Missouri River alluvium from some of the eight monitoring wells (four deep and four
shallow) located in the Darst Bottoms between Defiance and Femme Osage Creek (see Figure
84). Previously collected data from these wells has been compiled and summarized in the draft
Work Plan (ANL 1993). Previous sampling of these wells included analyses for TCL metals,
nitrate, sulfate, alkalinity, and radiological parameters. Deep wells were analyzed twice, and
shallow wells were sampled once, for these constituents. Additional information from these
locations is needed to support characterization efforts.

Preliminary background alluvial data will be obtained from a one-time sampling of three
deep wells (DB1D, DB3D, and DB4D) and two shallow wells (DB2S and DB35). These wells
were selected at random and will be analyzed for TCL metals, radiological constituents, sulfate,
geochemical parameters, and field measurements. Subsequent sampling for PCOC and other
pertinent parameters will be performed quarterly for 1 yr. The number-of wells sampled and
this frequency may be adjusted depending upon results obtained.

mwsarsijaannetgoldkarnplarsp-02.5ub 110
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Background data for bedrock groundwater (Decorah Group [MW-1052] and Plattin
Limestone [MW-10531} will be collected from wells that will be drilled north of the quarry off
the quarry haul road (see Figure 7-1). Background bedrock well samples will be analyzed once
for TCL metals, total petroleum hydrocarbons, radiological constituents, sulfate, geochemical
parameters, and field measurements. Once these baseline analyses have been performed,
sampling frequency will be established for PCOC and other parameters.

8.6.3 Sample Collection

Sampling of existing wells will be carried out by trained personnel in accordance with
ES&H Procedure 4.4.1, Groundwater Sampling, using dedicated bladder pumps and/or PVC,
Teflon, or stainless-steel bailers, According to procedure ES&H 4.1.4, equipment blanks are
collected when nondedicated pumps (such as batlers) are utilized. The bailers are subsequently
decontminated in accordance with procedure ES&H 4.1.3.Applicable Standard Operating
Procedures (SOPs) are listed in Section 10,

All nondedicated sampling equipment wil} be decontaminated using a detergent sojution
and rinsing with deionized water to remove visible residue. Sampling equipment
decontamination will be performed in accordance with ES&H Procedure 4.1.3, Sampling
Equipmem Decontamination.

Samples to be analyzed for volatiles will be collected with minimal agitation, filtration,
or other activities that can volatilize contaminants. No head space will be left in the sample
vessel by filling to form a negative meniscus. Samples collected for analysis of nitroaromatic
compounds will be placed in amber glass and protecled from direct ultraviolet radiafion
{sunlight).

Sample containers and preservation requirements are listed in ES&H Procedure 4.4.1,
In addition to the list of containers presented in this procedure, sample containers will include
1- tp 2-liter clear, wide-mouthed, glass containers for total petroleum hydrocarbons, and 2-or
2.5-liter jugs for semi-VOCs, pesticides, and PCBs, Preservatives will include sulfuric acid
{(H,80,) for total petroleum hydrocarbens, nitric acid (FINQ,) for metals, and hydrochloric acid
{HCL) for volatile organics. Additional preservatives are listed in ES&H Procedure 4.4.1..

meiusers\joannatgaldkamplqrap-08, sub 112
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Sample numbers will be assigned according to ES&H Procedure 4.1.1, Numbering Sysiem
jor Environmental Sumples and Sample Locations. Sample labels will be completed in
waterproof ink and will include site name and address, sample ID number, parameter or
parameters to be analyzed, matrix, sampler or samplers, date sampled; filtration -status, and
sample preservation procedure used.

Sample chain of custody will be maintained in accordance with WSSRAP ES&H
Procedure 4.1.2, Chain of Custody. All samples will be kept immediately after collection and
during shipping at 4°C,

Filtration of groundwater samples is addressed in ES&H Procedure 4.5.8, Water Sample
Filtering. Samples collected for analysis for VOCs, semi-VOCs, and pesticides/PCBs will not
be filtered. During the study on the comparison of filtered versus unfiltered samples, those
samples designated as unfiltered will be collected separately.

Field measurements of temperature, pH, Eh, DO, SC, and water surface elevation will
he taken after purging but pricr to sample collection, according to SOPs (see Section 10). Field
logbooks and field data sheets must be completed according to ES&H Procedure 1.1.4, Logbaok
Procedure.

Quality assurance/quality control (QA/QC) samples have not been included in this
discussion but will be.collected according to the schedule presented in Section 10.

8.7 Surface Water Sampling

Besides routine surface water monitoring activities for CY 1993, which are outlined in
the EMP 93 (MKF and JEG 1992b) (see Section 4.1), additional characterization efforts are
necessary. The surface water characterization covered in the CSP uses 2 phased approach to
optimize the gathering of information as outlined below.

For surface water sampling, Phase [ has been divided into Phases 1A and IB. Figure 85
illustrates the proposed schedule for each phase. The Femme Osage-Slough is one sampling unit
separated into an east and west section by the access roadfo the production well field. The
Little Pemme Osage and Femme Osage Creeks are combined into one unit. This phased
approach is outlined below and applies to these sampling units.
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Phase IA:

¢ Background sampling in Auvgusta Slough

+ Sampling for TCL in Femme Osage Slough

» Sampling in Little Femme Osage and Femme Osage Creeks

e Evaluation of shallow vs. desp water sampling in Femme Osage Slough
» Refining PCOC list

Phase IB: (Temporal Sampling)

» Biweekly sampling for PCOC and pertinent parameters for 16 weeks {9 sampling
events)

e Evaluation of sampling frequency at specified times

+ Evaluation of PCOC and other pertinent parameters at Augusta Slough

+ FEvaluation of need for additional samples

8.7.1 Phase 1A

$.7.1.1 Background Sampling. Background sampling will be performed in the eastern
end of the Augusta Slough, which is located in the Hancock Bottoms near Augusta, Missouri.
Augusta is approximately 9.5 mi upstream from the quarry proper. The Augusta Slough was
selected for background sampling because the slough environment is similar to that of .the
Femme Osage Slough, and it is out of the influence of the Weldon Spring quarry. During initial
sampling, sediment type, vegetation, and other physical characteristics will be evaluated and
compared with the Femme Osage Slough to assess suitabitity as a background location. This
slough is divided into two segments by a rock dike. Water tends to remain in the eastern section
of the slough year-round, whereas the western section tends to dry out during the summer
months. Therefore, the eastern section has been selected for background sampling. The
Aungusta Slough location and sampling sites are illustrated in Figure 8-6.

Background sampling will take place twice during Phase IA and ence during Phase IB
to examine temporal variations, - Sampling locations will ‘be approximately equally spaced;
Table 8-5 lists the parameters that will be measured for-each location. During the first
sampling, samptes from the six locations will be analyzed for TCL metals, sulfate, radiologicat
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TABLE B-5 Proposed Surface Water Sampling of the Augusta Slough

e e

|| Location ID# Phase |A ' Phase |B “
ASOT TCL metals, 50, Aad, G, Figld PLOC, Feld, + additional pertinant parainetarg
ASQ2 TCL metalz, 50, Rad, G, Field PCOC, Fisld, + additicnal pertinent parametsrs
ASO3 TCL metals, $0,, Rad, G, Fiald PCOC, Field, + additions] partinent paramastars
ASDS TCL rmetals, 50, Red, G, Fiekd PCOC, Flald, + additional pertinesnt parameters
AGOE TCL metale, 50,, Rad, G, Fiald FCOC, Field, + sdditional pertinant parameters
uiﬁﬂﬁ TCL matals, S0, Rad, G, Fisld PCOC, Aeld, + edditichal pertinent pararmeters

{San Table 8-1 for paramstars}

RAD Radiclogicel Constiturnts fexoept Plo-210 durng second sampling avent)
] Gaochernicel Pararmstars

FIELL Fisld Maasuraments

PCOC Potential Contaminahts of Concern

TEL Targst Compound List

5, Sutfats

constituents, hardness, and peochemical parameters. - In addition, pH, Eh, DO, temperature, SC, .
and surface water stage will be evaluated in the field. Approximately.1.5 mao after collection
of the first samples, samples from each location will be analyzed for TCL metals, sulfate,
radiological constituents (except Pb-210), and geochemical parameters. Samples will be taken
at approximately 0.5 D (ft) measured from the water surface (D = water depth) (see Figure §-
7). Temperature; pH, Eh, DO, SC, and surface water stage will also be measured. Background
sampling during Phase 1B will be discussed in Section 8.7.2.

8,7.1.2 Femme Osage Slough. Proposed surface water sampling locations are shown
in Figure 8-8. Surface water locations that are routinely sampled as part of the site
environmental monitoring program are shown by a solid dot; additional locations proposed for
the remedial investigation are represented by a solid triangle. Location numbers should be
considered tentative at this time.

As part of the EMP 1993, nitroaromatics, radiological constituents (gross alpha, gross

beta, Ra-226, Ra-228, Th-228, Th-230, Th-232), hardness,. NO; and-80, will be analyzed
annually; tota! uranium will be analyzed bimonthly. In addition to this information, which

muserstjoannegaldkampgrep-08.sub 117
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will be used to support characterization efforts, samples from four locations in the Femme Osage
Slough will be analyzed for TCL, Pb-210, radon, isotopic uranium, geochemical parameters,
and field measurements, Table 8-6 lists the proposed sample locations-and parameters for the
analyses. Sampling locations were selected based on their proximity to the quarry propet, and
include locations SW-1003, SW-1004, and SW-1020 in the eastern.end of the slough and
SW-1007 in the western end. If SW-1020 is dry at the time of sampling, SW-1021 or SW-1019
will be substituted, Since analyses will include volatiles, discrete samples will be taken at a
depth of approximately 0.5 D ({ft) (Figure 8-7).

£.7.1.3 Little Femume Osage and Femme Osage Creeks, Samples will be taken from
SW-1001 and SW-1002 in the Little Femme Osage Creek and from SW-1014 in the Femme
Osage Creek (Figure 8-8) in order to determine TCL wmetals, radon, isotopic uranium,
geochemical parameters, and field measurements, Sample depth will be approximately 0.5 Iy
(ft) (Figure 8-7). If VOCs, semi-VOCs, pesticides/PCRs, or Pb-210 are detected in groundwater
near the creeks, a total or partial TCL analysis and/or analysis for Pb-210 will be performed.

8.7.1.4 Shallow vs. Deep Water Sampling. To assess potential stratification of
contaminants within the Femme Osage Slough, a brief evaluation of shallow vs. deep water
samples will be performed. Since seasonally stagnant conditions have been observed at the
slongh, stagnant zones caused by density differences or differences in mixing between deep and
shallow water levels should be evaluated. Wind effects at the surface of the water may induce
some mixing, which would not be observed at depth.

Locations were selected at randor, and this evaluation will involve two sampling events
al three locations (SW-1003, SW-1019, and SW-1021) in the western section of the slough and
two locations (SW-1007 and $W-1022) in Lhe eastern section. T'wo sampling events will be used
in order to examine any temporal variation. As part of the hydrogeologic investigations
sampling program described in Section 7, cross sections of the slough will be developed
corresponding to the locations of surface water samples (see Section 7.6.1). Based on these
cross-sections, samples will be taken at depths of approximately 0.1 D (ft) and 0.8 D {ft) {see
Figure 8-7). Sampling techniques are discussed in Section 8.7.3. Unfiltered samples will be
analyzed for arsenic, barium, zinc and total uranium. These melals were consistently detected
at all locations during ecological monitoring of surface water.” Other parameters which will be
measured include surface water stages, TSS, TDS, alkalinity, pH, Eh, DO, SC, and
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TABLE 8-8 Proposed Surface Water Sampling in Femme Osage Slough

SW Sectlon of
Location # Blough Phaza A Phaea B (Biweakly Sampiling]
SW-1003 East TCL, Flald, G, Pb-21Q, radon, [sokopio PCOC, Field, and pedinent parametsrs
uranicm
SW-1004 East TCL, Flsld, G, Pb-210, radan, laotopic PCOC, Flald, snd partinent paramatarz
uranidm
SW-1005 Enst PCOC, Field, and pertinant pararmaters
SW-1007 Weat TCL, Field, &, Po-210, radon, igotopic PCOC, Fiald, and pertinent parameatars
uraniurm
SW-1009 West PCOC, Fiald, and pertinent pararmatars
“ SW-1010 East PCOLC, Field, and pertinent perametars
SWLt018 East PCOC, Field, and partinent paramatars
SW-1012 Eaat PCOC, Field, and partinent paramaters
SW-1020 East TCL, Fleld, G, Pb-230Q, radan, [sotopic PO, Fieli, and pertinant pararmsters
(LT T
SW-1021 East PCOC, Rield, and pertinent pararmeters
SW-1022 Wast PCOC, Field, and pertinent paramatars
|— —_ — ) El— —

{3ee Table B-1 for paramatars)

TCL Target Compound List

Field Field Meaaurarmanta

PCOC Potentigl Contaminants of Concarn
G Geochamical Parametars

temperature, The effect of shallow versus deep water sampling will be evaluated and a decision
will be made concerning sample depth for Phase IB sampling,

8.7.2 Phase IB
Phase 1B will evaluate the temporal distribution of contaminants and will consist of
biweekly sampling. The study period will span 16 weeks between the wet (March 1o August)

and dry (September - to February) seasons.” Approximately nine sampling events will occur
during this time. Based on analytical results, the sample frequency will be evaluated at an
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